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(54) Modifying plants by genetic engineering to combat or control Insects. 

(57) Novel transformation vectors containing novel chimeric genes allow the Introduction of exogenous 
DNA fragments coding for polypeptide toxins produced by Bacillus thuringjensis or having substantial 
sequence homology to a gene ooding for a polypeptide toxin as described herein and expression of the 
chimeric gene in plant cells and their progeny after integration into the plant cell genome. Transformed 
plant cells and their progeny exhibit stably Inherited polypeptide toxin expression useful for protecting 
said plant cells and their progeny against certain insect pests and in controlling said insect pests. 
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This invention is concerned with the use of genetic engineering techniques h U» ^iHartnn of ptante. 
The invention provides chimeric genes, plasmid vectors, plants, plant seeds, plant bssue. oefl . bi hires and 
ptasmkts arising in and from the use of such genetic engineering techniques in the modification of plants, and 
methods and compositions for controlling or combating insects in agriculture or horticulture. 

The invention is particularly directed towards Introduction and integration of a chimenc gene coding for a 
polypeptide toxin produced by Bacillus thuringiensis or having substantial sequence homology to a toxin gene 
described below in plant cells and obtaining an insect controlling or combating level of expression of said 
polypeptide toxin intracellulany by transfoimed plant cells and their progeny. 

Recombinant DMA technology is currently used to genetically engineer certain microorganisms such as 
bacteria and yeast to synthesize specific proteins. Genetic engineering of higher organisms within the present 
state of technology requires that one or a few cells be genetically engineered from which the entire organisms 
can develop. Among higher organisms, the cells of certain plants exhibit excellent regeneration capability and 
therefore are considered potentially good material for the genetic engineering of such plants. Furtnermore. in 
higher plants, aknown system Is available to introduce foreign DNAinto the plant genome. This system is pro- 
vided by the tumor inducing plasmid from the gram negative soil bacterium Agrobactenum tumefaciens. 
Agrobacterium can genetically transform plant cells by stably integrating T-DNA, a well defined fragment of the 
T i plasmid, into the plant cell genome. Recently, important progress has been made to facilitate the useofthe 
Ti plasmid as a vector for plant genetic engineering. Small directly repeated sequences which flank the T-DNA 
(Border sequences) have been found to play a key role in the T-DNA integration. Nononcogenic Ti plasmid 
vectors have been constructed from which oncogenic tumor genes have been removed by an internal deletion 
in the T-DNA. These Ti plasmids still contain the border sequences and consequently transfer T-DNA without 
tumor induction. An example of such a Ti plasmid derived vector from plant genetic engineering Is pGV3850 
which contains a substitution of the internal T-DNA gene by the commonly used doning vehicle pBR322. Sev- 
eral procedures have been developed to regenerate infected plants which contain the pGV3850. pGV3850 with 
the pBR322 sequences present in its T-DNA Is an efficient acceptor plasmid for gene transfer experiments in 
plant cells. Indeed, genes cloned in pBR322 like plasmids are transferred to Agrobacterium and inserted via 
homologous recombination Into the pGV3850 T-DNA in a single experimental step. 

Another major advance in the development of plant engineering technique is the use of plant regulatory 
sequences to express chimeric genes in plants. In general, these chimeric genes contain a promoter region 
derived from a gene which is naturally expressed in plant cells, the sequence to be expressed, and preferentially 
a 3' non-translated region containing a polyadenyiation site of a gene which is naturally expressed in plant cells. 
For example, using the nopallne synthase promoter and bacteria! antibiotic resistance genes, dominant select- 
able markers for plant cells have been constructed. 

Although certain chimeric genes have now successfully been expressed in transformed plant cells, such 
expression Is by no means straightforward. Various lines of evidence indicate that the level of expression of 
the foreign genes of non-plant origin not only varies greatly in different transformed tissues but are in general 
very low. Such low levels of gene expression could be due to several reasons: fust. Incomplete transcription 
of the gene resulting from inadvertent transcription termination signals; second, inefficient processing of the 
messenger RNA; third, impaired transport of the messenger RNA from the nudeus to the cytoplasm; fourth, 
instability of the cytoplasm messenger RNA; fifth, inefficient translation of the cytoplasm messenger RNA; and 
sixth, instability of the protein due to its susceptibility to plant specific proteins. Consequently, the successful 
transformation of plant cells using vectors such as those described above is not necessarily predictable prior 
to attempting a desired transformation. 

Engineering of differentiated plant cells and their progeny to express the Bt2 polypeptide and/oratruncated 
version thereof and/or a polypeptide having substantial sequence homology thereto is far more difficult than 
other genes such as antibiotic resistance genes or other plant genes such as thaumatin due to one or more of 
the following: (1) the large see of the Bt2 toxin, even in its truncated form; (2) the particular properties of the 
BI2 polypeptide (such as, but not limited to. solubility of the polypeptide); (3) the potential toxidty of the Bt2 
polypeptide toward the plant cells; or (4) the Bt2 polypeptide synthesized in plant cells and their progeny must 
retain substantially the same properties as the crystal protein synthesized in bacteria. 

Bacillus thuringiensis (referred to at times herein as B.t) bacteria indudes approximately 19 known vari- 
eties that produce polypeptide toxins which form parasporal crystals during spoliation. The crystal protein 
made by B.t is toxic to the larvae of certain insects. The toxins produced by a particular variety exhibit strong 
insectiddat activity, against certain LepWoptera and/or Ceoleoptera and/or Dlptera larva. See e.g.. Tyrell D. J. 
et al J. Bacteriology. (81) 14S (No. 2): p. 1052-1062. When ingested by insect larvae, the crystals are solubi- 
Irzed and processed in the Insect midgut to yield at least one active polypeptide toxin which Is believed to act 
on the midgut cell membrane. Studies have revealed that individual crystal polypeptides exhibit insecbcidal 
activity. Yamamoto. T. et al.. Current Microbtology. (83) 9: p. 279-284; Yamamoto, T. et al.. Areh. Biochem. 
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Biophysics. (83) 227: (No. 1): p. 233-241; LHley, M. et al., J. Gen. Microbiol., (80) 1 18: p. 1-11; Bulla, L A. et 
a! J Biol. Chenv, (81) 256 (No. 6): p. 3000-3004. . 

" -fhe toxic activity of the crystal polypeptide produced by Bacillus thuringiensis varieties is h l9 Wy specific 
to particular Insect species and is recognized as safe to higher vertebrates 

Preparations containing the crystals are used commercially as a biological insecuc.de. For example. Bao- 
tospeine. disputed by Bio*^ 

cacyof preparations obtained from bacterial hosts is, however, limited as adequate control of pests requires 
repeated and precisely timed applications. In addition, costs associated with the production of such prepa- 
rations have made it difficult for them to compete effectively with other commercially available products, such 

BS P MoSart^efcniudies have demonstrated that at least some polypeptide toxins produced by Ba^lys 
Bjynngiensfe ere encoded by plasmids. Stanly. D. P. et al.. (1978). Biochem. Biophys. g^gS^^ '* 
581-588; Debaboc V. G. etal.. (1977). Genetika, 13. p. 49W01. Genes encoding toxic ^ P^^f 
fromdifferentB.t strains have been doned and expressed in ^^^f^™^'^ 
(81) 78: 2993-2897. Kller. A. et al.. EMBOJ. (82) 1 (No. 7). p. 791-799; Adang etal.. Gene, (36), p. 289. 1985. 
Schnenf et*. J- Biol. Chem- (20). P- 6264. 1985; Shibano etal.. Gene, (34). 1985. 

Considering the major importance of plants both for consumption and forproducbon of valuable products, 
itwouWbehighVdesirabletogeneticallymod^^ 

substantially similar to those toxins produced by Bacillus thuringiensis, without adverse effects to ^plants. 
By stably integrating exogenous DNA ftagments coding for polypeptide toxins produced by Baallus tounno- 
iensis into theplant cell genome and obtaining an insect controlling level of expression of said exogen^ 
Stents in ptents. plant cells and their progeny so transformed would thereby become certain 
insect pests. Plant cells and their progeny genetically engineered m this way would provide an 
aXTntaTeoussub^ 

ical or biological insecticides, and provide a more reliable means of controlling parbcular msect pests, while 
retaining normal morphological characteristics. nrn A, t r*d 
It is one object of this invention to provide novel chimeric genes codmg for the polypeptide toxin produced 
by Bacillus thurinalensls. or coding for a polypeptide toxin having substantial sequence homology to a toon 
gene described herein. The chimeric genes' plant regulatory sequences direct express.on in transformed plant 

^Another object of present invention is to provide novel hybrid plasmid vectors containing said chimeric 
genes that allow the introduction and integration and expression of said chimeric genes In a ^^f^?^"^ 
Afurtherobjectof the present invention Is to provide a process for prepanng oenetKa^nsfonned plant 
cells comprising the transformation of plant cells with said hybrid plasmid vectors containing said chimenc 

^"Sher objectives, features and advantages of the present invention will become apparent to those skilled 
in the art from the following description taken in conjunction with the accompanying drawings 

in accordance with the present invention, there are provided: chimeric genes capable of being expressed 

* d S r a^ 

^aUeast^e DNA fragment coding for a polypeptide toxin produced by Bacillus thuringiensis or having 
substantia! sequence homology thereto. 9 
Saidchimericgenesindudetho^^ 
truncated Bt2 protein, a DNA fragment having substantia, sequence homology to » * 
where DNA fragment (b) is fused to a DNA fragment (c) coding for an enzyme capable of being expressed 1 In 

Serened 

fraqments (b) and (c) encode a fusion polypeptide. _ . . 

9 Also in aoWance with the present invention there are provided t^bridplasm.dv^ « 
(a) a DNA fragment substantially homologous with that portion of a Ti plasmid essential for transfer of a 
T-region of a Ti plasmid to a plant cell genome (the virulence region of a Ti P'asmid); 
(Wat least one DNA fragment which delineates a DNA fragment to be integrated into a plant cell genome 

(Sebo^^ 

preferably ft is the right border sequence); and 

(c) at least one chimeric gene comprising: Mhl -u u „v 0re ased in 

(i) a DNA fragment comprising a promoter region derived from a gene whKh is naturally expressed in 
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one DNA fragment having substantial sequence homology thereto. 
Said chimeric genes include those where DNA fragment (b) codes for a Bt2 protein, an insectta'dally active 
truncated Bt2 protein, a DNA fragment having substantial sequence homology to Bt2 or the truncated BtZ or 
where DNA fragment (b) Is fused to a DNA fragment (c) coding for an enzyme capable of being expressed in 
5 differentiated plant cells and permitting identification of plant cells expressing DNA fragment (b) where said DNA 
fragments (b) and (c) express a fusion polypeptide. 

Further, in accordance with the present invention, there are provided: intermediate plasmid vectors con- 
taining at least one chimeric gene, said chimeric gene comprising: 

(a) a DNA fragment comprising a promoter region derived from a gene which is naturally expressed in a 
10 plant cell; and 

(b) at least one DNA fragment coding for a polypeptide toxin produced by Bacillus thuringienis, or at least 
one DNA fragment having substantial sequence homology thereto. 

Said chimeric genes include those where DNA fragment (b) codes for a Bt2 protein* an insecticidally active 
truncated Bt2 protein, a DNA fragment having substantial sequence homology to Bt2 or the truncated Bt2, or 
is where DNA fragment (b) is fused to a DNA fragment (c) coding for an enzyme capable of being expressed in 
differentiated plant cells and permitting identification of plant cells expressing DNA fragment (b) where said DNA 
fragments (b) and (c) express a fusion polypeptide. 

Further, in accordance with the present invention, there are provided insectiridal compositions and 
methods of using transformed plant cells and their progeny. 
20 Still further in accordance with the present invention there are provided: plants which include in their cells 
genome and express the chimeric gene as described above; and plant seeds which are capable of germinating 
into a plant which expresses the chimeric gene as described above. 

Transformed plant cells and their progeny intracellularly express a polypeptide toxin substantially similar 
to the polypeptide toxins produced by Bacillus thuringienis and are substantially toxic to certain insects. Trans- 
25 formed plant cells and their progeny may be used In controlling said insects. 

Brief Description of the Drawings 

Figure 1 is a photograph showing a 7.5% SDS PAGE stained with Coomassie Blue. 
30 Track 1: B.t kurstaki crystal protein preparation; 
Track 2: B.t berliner crystal protein preparation; 
Track 3: Molecular weight markers 
a: phosphorylase B (92,500 dalton); 
b: bovine serum albumin (66>200 dalton); 
35 a. ovalbumin (45,000 dalton); and 

d: carbonic anhydrase (31,000 dalton). 
Figure 2 is a schematic diagram of plasmid pEcoR251. The EcoRI endonuclease gene (EndRI) is fused 
to the P R promoter (Pr) and contains a unique Bglll cloning site. Amp: beta-lactamase gene. 

Figure 3 shows restriction enzyme maps of the inserts present in 4 immunopositive partial Sau3A digest 
40 clones of B.t berliner 1715 plasmid DNA cloned in pEcoR251 . 

Figure 4 is a photograph showing a 7.5% SDS PAGE stained with Coomassie Blue. 
Track 1: B.t kurstaki crystal protein preparation (identictal with Figure 1, Track 1); 
Track 2: B.t berliner crystal protein preparation (identical with Figure 1 , Track 2); 
Track 3: Total lysate of EL coli K514 containing the Bt200 plasmid; and 
45 Track 4: Control (total lysate of E. coli K514 without Bt200 plasmid). 

Figure 5 is a photograph showing the results of immunoblotting experiment using a rabbit anti-B.t kurstaki 
crystal serum. 

Track 1: B.t berliner crystal protein preparation; 
Track 2: B.t kurstaki crystal protein preparation; 
so Track 3: Total lysate of E. coli K514 harboring the pBt200 plasmid; and 
Track 4: Control (total lysate of EL coli K5 14 without pBt200. 

Figures is a photograph showing the results of an immunoblotting experiment using a rabbit anti-kurstaki 
crystal serum (A) and a rabbit anti-bertiner crystal serum (B). Part C shows a Coomassie staining of the 7.5% 
SDS PAGE after the blotting procedure (the same gel used for blotting shown in Part A). 
55 Track 1: Bt2 protein (purified as described in Section 5-1); 

Track 2: B.t berliner crystal proteins; and 

Track 3: B.t kurstaki crystal proteins. 

Figure 7 is a photograph showing a Coomassie staining of an SDS PAGE 
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Track 1: Totally lysate of E. ooli K514 harboring pBt200; 

Track 2; Purified Bt2 protein prepared from the E. co)i K514 harboring pBt200. 

Ftaure 8 is a graph showing the results of an EUSA experiment Binding curves of Bt2 protein and soiubt- 
lized B.t crystal proteins using a goat anti-B.t crystal serum as goat-antibody and a mouse anti-Bt2 serum as 
s first antibody. 

Figure 9 is a graph showing the results of an EUSA experiment showing reactivity of the different anti-ber- 
liner crystal monoclonal antibodies with: 

(A) total beriiner crystal proteins; and 

(B) purified Bt2 protein. 

10 Figure 10 shows a comparison of N-terminal amino acid sequences of the 1 30 Kd crystal proteins: 

1) deduced from the DNA sequence published by Wong et al.. J. Bid. Chem. 258, p. 1960-1967 (1983) 
(termed B.LW); 

2) determined for the Bt2 protein. 

Figure 11 summarizes the immunological detection of polypeptides using Western blotting with a rabbit anti- 
15 B.t beriiner crystal serum. Polypeptides are encoded by pBt200 derivatives containing various deletions gen- 
erated by restriction enzyme cleavage as indicated in the figure. 

Figure 12 A -shows the restriction map of the Hpal-Ndel fragment containing the entire Bt2 gene indicated 
as a box. B - shows the sequenced regions of the Bt2 gene. Boxes represent the stretches which have been 
sequenced from each strand. C - shows sequencing strategy. Restriction fragments were end labeled with 
20 polynucleotide kinase, strand isolated and sequenced using the Maxam and Gilbert method. The arrows indi- 
cate the length of the region sequenced In each experiment 

Figure 13 shows the DNA sequence of the complete Bt2 gene indicating the open reading frame (position 
21 to 3805) and the corresponding deduced amino acid sequence (1 155 amino acids). The amino acid sequ- 
ence of the Bt2 protein which was experimentally determined is indicated by a line above the corresponding 
25 amino acids. 

Figure 14 shows a comparison of the deduced amino acid sequences of the Bt2 gene (beriiner) with the 
deduced sequences from three other B.t crystal protein genes, cloned from other B.t strains: 
B.t kurstaki HD73 (Adang et a)., Gene 36, p. 289, 1985) 
B.t Kurstaki HD1 (schnepf et al., J.B.C. 20. p. 6264, 1985) 
30 B.t sotto (shibano et al., Gene 34, p. 243, 1985) 

In the latter 3 sequences, only those amino acids are represented that differ from those present in the Bt2 
sequence at the homologous position. Eventually, gaps were introduced (marked by " - ") in order to align the 
sequences. 

Figure 15 is a schematic outline of the construction of the Bt2 gene cassette pH D1 60. 
35 Figure 16 is a schematic representation of the different Bt2 gene cassettes. 

Figure 17 shows the experimental strategy used for the construction of plasmid pLB1 0. Also shown here 
is the structure of plasmids pLK54 and ptK57, described in J. Botterman et al. (in preparation). 

Figure 18 shows the construction and structure of pl_BKm25. 

Figure 19 shows the strategy used to construct BtNPTll fusions and Bt2 deletions. 
4> Figure 20 is a schematic representation of the different Bt2 3' end deletion mutants, used in the mapping 
of the 3' end of the minimal toxin encoding fragment Arrows represent the positions of the 3' ends. 

Figure 21 is a photograph showing the results of an tmmunoblotting experiment using a rabbit anu-berl iner 
crystal serum. Samples analyzed are total extracts from Bt2 deletion clones specified in Figure 20 and in Section 
7. 

45 Figure 22 shows the 3' end points of deletion clones ptB834 and pLB879 on the Bt2 sequence, used to 

delineate the minimal gene fragment encoding an active toxin. Also shown is the deduced amino acid sequence 
and the position of a putative trypsin cleavage site. 

Figure 23 is a schematic representation of the construction of the Bt2;NPTH fusion gene cassettes 
ptBKm23, ptBKm33 and ptBKm14. Also represented are the 5' upstream sequences of the Bt2;NPTII fusions 
so in the different constructs (sequences corresponding to a BamHI site are underlined). 

Figure 24 is a schematic representation of different BtNPTll fusion gene cassettes. 
Figure 25 is a photograph showing the results of a NPTII assay as described by Reiss et al. (Gene , 30. p. 
217, 1984). The samples analyzed are the supematants of cell extracts of bacterial clones producing NPTII or 
different BI2-NPTII fusion proteins. 
65 23 means K514 (lambda) (pLBKm23) 

860 means K514 (lambda) (ptBKm860) 
865 means K514 (lambda) (pLBKm865) 

NPT means HB101 (lambda dv) (a gift from Julian Davis, formerly of Biogen) 
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Figure 26 shows the approximate positions of the 3' ends of the Bt sequences in different deletions and 
BtNPTll fusions (indicated by arrows). 

Figure 27 shows the strategy used for the adaptation of the Bt2 and the Bt2:NPTll cassettes for expression 
in plant cells. 

Figure 28 shows the DNA sequences at the junction between the promoter regions and the coding sequ- 
ence of the Bt gene cassettes as they are present in the different engineered Ti plasmids. Sequences derived 
from the original promoter regions and from the coding sequence of the Bt2 gene are underlined. Some relevant 
restriction enzyme sites which have been involved in the assembly of the chimeric genes are indicated. The 
ATG initiation codon is boxed. 

Figure 29 is a schematic representation of the construction of pHD208 as described in Section 8 Example 

2. 

B: BamHI, Hp: Hpal. H: Hindlil, E: EcoRI. Bg: Bglll. 

Figure 30 is a schematic representation of the construction of pG V831 : pGV831 has been constructed by 
R. Deblaere, Lab of Genetical Virology, Free University Brussels, Belgium. It is a derivative of pGV700, as des- 
cribed in European Patent Application No. 831 12985.3. Recombinant DNA techniques used followed Maniatis 
et a!.. Molecular Cloning (1982). Cold Spring Harbor Laboratory. 

The Hindlil fragment present in pGV700 was subdoned into pGV600 (Leemans et at, J. Mol.Appl. Genet . 
1 f 149-164, 1981). Recombinant plasmid pGV742 was isolated as a Co* Cm 8 Tc? recombinant An Internal 
deletion was created hi pGV742 by digestion with BamHI and redrculization. This produced pGV744. An inter- 
nal deletion was created in pGV744 by digestion with EcoRI and redrculization to yield pGV749. The Hindlil- 
Nrul fragment from pGV749 was cloned in pGV710. pGV710 had been digested with EcoRI, the 5' protruding 
end tilled in using DNA polymerase and had been subsequently digested with Hindlil. The resulting plasmid 
pGV815 was isolated as a Sm R . CP* recombinant Both the EcoRI site and the Hindlil site of pGV815 were 
removed by digestion with these enzymes and by tilling In the protruding ends with DNA polymerase, followed 
by redrculization. Finally, a chimeric gene containing the nopallne synthase promoter and the neomydn phos- 
fotransferase gene from Tn5 was isolated as a BdlBamHI fragment from pKC7£nos and was doned in the Bglll 
site from pGV825. The Sp*. Km* recombinant plasmid pGV831 was obtained. 

Figure 31 is a schematic representation of the T region of Ti-plasmid pGV3850 and of the intermediate vec- 
tor pHD205. The crossed lines indicate the regions which were involved in cointegration of pGV3850 with 
pHD205 to produce pHD1050. The T region of hybrid Ti plasmid pHD1050 is represented. 
H: Hindlil 

Bt chimeric Bt2 gene under control of the nopaline synthase promoter 
nos: nopaline synthase gene 

Ap, Km: genes encoding ampicillin and kanamydn resistance 

Figure 32 is a schematic representation of the T region of Ti plasmid pGV2260 and of the intermediate vec- 
tor pHD208. The crossed lines indicate the regions which were involved in cointegration of pGV2260 with 
pHD208 to produce pHD1076. The T-regbn of hybrid Ti-plasmid pHD1076 is represented 

1: vector fragment 

2: T-DNA border region 

3: Bt2 gene cassette 

4: Pssu promotor fragment 

5: Pnos promotor fragment 

6: neomydn phosfbtransf erase gene cassette 

7: T-DNA border region 

8: vector fragment 

Black triangles represent T-DNA border regions 

Ap, Sp, Km: genes encoding respectively ampicillin, spectinomycin and kanamycin resistance 
Pnos: nopaline synthase promotor 

Pssu: small subunit of ribulose biphosphate carboxylase promotor 
B.t: Bt2 gene cassette 

Figure 33 shows schematic representations of the different intermediate expression vectors. 

Figure 34 is a graph showing the results of an EUSA assay of tobacco callus tissue transformed with C58C1 
Rif R pHD1076, as described in Section 11 Example 1. The coating antibody is goat anti-B.t crystal serum. Rab- 
bit anti-Bt2 is used as first antibody. 

Numbers 1 to 14 are transformed callL 

The optical density (O.D.) corresponding to a level of 4 ng Bt2 protein per gram of tissue, determined in a 
reconstruction experiment Is indicated in the figure. 

Figure 35 is a graph showing the results of an EUSA assay of tobacco callus tissue transformed with C58CI 
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Rif* pHD1076, as described in Section 1 1 Example 1 . The coating antibody is goat anti-B.L crystal serum. Rab- 
bit anti-Bt2 serum Is used as first antibody. 
Numbers 1 to 21 are transformed calll 

The OS), value corresponding to a level of 4 hg Bt2 protein per gram of tissue, determined in a reconstruc- 
5 tion experiment, is indicated in the figure. 

Figure 36 is a graph showing the results of an ELISA assay of tobacco callus tissue transformed with C5 
BCIRif* pHD1076 t as described in Section 11.2, Example 1. Coating antibody is goat anti-B.t crystal serum. 
Different monoclonal antibodies were used as first antibody. Reactivity with un transformed SR1 callus tissue 
(used as a negative control) Is also shown. 
10 Figure 37 is a description of the experimental protocol used for the preparation of callus tissue extracts, 
used for the immunological detection of Bt2 expressed in this callus. 

Figure 38 is a graph showing the growth rate of 1st instar M. sexta larvae feeding on leaves from transfor- 
med tobacco plants obtained as described in Section 1 0, Example 5. Open bars represent the number of larvae 
(on a total of 20 larvae tested) that went to the L2 stage after 3 days of feeding. 

Figure 39 is a graph showing complete growth rate curves over a 4 day period, for M. sexta larvae feeding 
on leaves of transformed tobacco (data are from same experiments as those represented in Figure 38). The 
represented values are the numbers of larvae that were in the 12 stage at a certain point in time (per plant, 20 
larvae were tested). Ci-C 4 are control plants (transformed with the Pnos-NPTII gene only). The other numbers 
(N20-1, N20-46) refer to individual plants putatively transformed with pGS1 110. 
20 Figure 40 shows the DNA sequences of the P35S-1 and P35-2 promoter fragments derived from cauliflower 
mozaic virus Cm4-1 84 (Gardner etal., 1981. Nucl. Acid Res. . 9, 2871-2888). 

Figure 41 is a schematic representation of the construction of pGSHSO. 

Figure 42 is a schematic representation of the construction of pGV1500. 

Figure 43 is a schematic representation of the construction of pGSHl50 and pGSH151. 
25 Figure 44 is a schematic representation of the construction of pAGS007 from Pssu301 whild type gene. 

As used herein, the term "polypeptide" should be understood as meaning an intact protein or fragments) 
thereof. 

"Plant" should be understood as referring to a multicellular differentiated organism capable of photosyn- 
thesis including angiosperms (monocots and dicots) and gymnosperms. "Plant cells" should be understood as 

30 referring to one or more cells derived from, a plant "Plant cell progeny" should be understood as referring to 
any ceD or tissue derived from plant cells including callus; plant parts such as stems, roots, fruits, leaves or 
flowers; plants; plant seed; pollen; and plant embryos. "Chimeric gene" should be understood as a hybrid DNA 
segment comprising a regulatory signal essential for transcription referred to as a promoter, fused to at least 
one structural gene sequence coding for a specific polypeptide. "Substantial sequence homology" should be 

35 understood as referring to either a DNA fragment having a nucleotide sequence sufficiently similar to another 
DNA fragment to produce a protein having similar properties; or a polypeptide having an amino acid sequence 
sufficiently similar to another polypeptide to exhibit similar properties. "Identification" should be understood as 
referring to selection or scoring of cells harboring and expressing the desired gene. Selectable markers permit 
growth (selection) under otherwise lethal conditions such as kanamycin resistance (Km"). Scorable markers 

40 add an identifiable trait (scoring) foreign to non-tranformed cells. "Naturally expressed gene* should be under- 
stood as meaning a DNA fragment whether originally part of a plant's genome or introduced by agents such 
as bacteria or viruses which produces RNA, protein or both in the plant in the absence of human intervention. 

A chimeric gene may also include a nontranslated DNA fragment positioned on the 3' side (downstream) 
of the structural gene sequence, which in turn may include a regulatory signal referred to as a polyadenylation 

45 signal preferably derived from a gene which is naturally expressed in plants. 

A naturally expressed gene includes a 3' nontranslated region which in turn includes a polyadenylation sig- 
nal, both of which code for the corresponding messenger RNA (mRNA) regions. These corresponding mRNA 
regions are located on the 3' side of a stop codon in a monocistronic mRNA. The 3 r non-translated region of 
mRNA is believed to be involved in the processing, stability and/or transport of the mRNA. This 3' non-translated 

so region of mRNA is also believed to contain a sequence of bases, polyadenylation signal, which is recognized 
by an enzyme in the cell. This enzyme adds a substantial number of adenosine residues to the mRNA molecule 
to form a poly- A tail" on the mRNA. 

Generally, the process used to arrive at the present invention is described in European Patent Application 
Publication No. 01 16718 entitled "Process for the Introduction of Expressible Genes into Plant Cell Genomes 

55 and Agrobacterium Strains Carrying Hybrid Ti Plasmid Vectors Useful for this Process." The introduction and 
integration of one or more chimeric genes coding for polypeptide toxins produced by Bacfllus thurinoiensis or 
having substantial sequence homology to Bt2 (see Figure 13) into a plant cell genome is achieved by: 

(1) isolation of at least one DNA fragment from Bacillus thuringlensis coding for a polypeptide toxin by diges- 
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tion of bacterial DNA and inserting the mixture of DNA fragments obtained Into a cloning vehicle harbored 
In a bacterial host; and 

(2) identification of bacterial clones harboring DNA fragments coding for said polypeptide toxin; and 

(3) characterization of the structure of the DMA fragment coding for said polypeptide toxin; and 
5 (4) removal of unwanted DNA sequences flanking the desired DNA fragment; or 

(5) synthesis of a DNA fragment having substantial sequence homology and exhibiting a simlar structure 
to a DNA fragment coding for Bt2; or 

(6) construction of a DNA fragment containing the DNAfragmentfrom (4) fused to a DNAtragment encoding 
an identification polypeptide to produce a fusion polypeptide; and 

10 (7) insertion of said DNAfragmentfrom (4) or (5) or (6) into ptasmid vectors under the control of plant regu- 
lator sequences harbored in a bacterial host; and 

(8) introduction of plasmids from (7) by conjugation (or mobilization) in a bacterial host harboring suitable 
helper plasmids; and 

(9) conjugation of bacterial clones from (8) to Agm bacterium tumefaciens harboring an acceptor Ti plasmid 
15 vector; and 

(10) identification of Agrobacterium tumefaciens which contain the desired chimeric gene; and 

(11) contacting plant cells with Agrobacterium tumefaciens from (10); and 

(12) identification of transformed plant cells from appropriate culture media; and 

(13) Immunological detection of Bt2 antigens present In extracts from transformed plant cells; and 
20 (14) propagating transformed plant cells to regenerate a differentiated plant 

It is contemplated that cloning vectors and bacterial host strains other than those described below in the 
Examples can be used. Ti-based vectors like pGV3850 into which recombinant plasmids integrate before trans- 
fer to plant cells are known as cfe-type vectors. There are also Ti-based vector systems in which the recom- 
binant plasmids do not integrate into the resident Ti plasmid or in which large portions of the naturally occurring 

25 TI plasmid are deleted. These binary-type systems, Hoekema et al., Nature. Vol. 303, 179 (1983), or mini-Ti 
plasmids, Framond et a!.. Biotechnology. Vol. 1 , 262 (1 983), have also been shown to introduce DNA into plant 
cells. These plasmids contain a border sequence (at least one, preferably two) flanking the gene to be intro- 
duced into plants. A marker which is selectable or scorable in plant cells is useful but not essential. Such plas- 
mids are capable of autonomous replication in A tumefaciens and need not integrate into a resident Ti plasmid. 

30 Virulence functions needed to effect transfer to DNA, such as the chimeric genes of the present invention, to 
plant ceils can be provided in trans. Hoekema et at.. Nature. Vol. 303, 179 (1983). See also Fraley. R.T. et al., 
Biotechnology, Vol. 3, 629 (1985); and Wee et al.. Biotechnology, Vol. 3. 637 (1985). 

A. tumefaciens is not the only means of introducing genes into plants. DNA can be introduced by physical 
means such as electroporation or chemical means such as polyethylene glycol (PEG) fusion. It is believed any 

35 technique which introduces DNA, such as the chimeric genes of the present invention, can be used. Further. 
RNA viral vectors which introduce an RNA copy of an insecticidal chimeric gene may also be used. 

Further, plasmid vectors containing plant regulatory sequences other than those described below in the 
Examples can be used. For example, enhancers can be included before, or after, or in such proximity to the 
chimeric gene to exert their function. 

40 Plant cells transformed with the novel plasmid vectors of the present invention may then be cultured on 
suitable medium, preferably selectable growth medium, and plants which express the polypeptide toxin may 
be regenerated from the resulting callus. Subsequent generations of plant cells and their progeny should also 
exhibit expression of the polypeptide toxin. 

Transformed plant cells and their progeny should express a polypeptide toxin substantially similar to 

45 polypeptide toxins being produced by Bacillus thurinqiensls or a DNA fragment having substantia! sequence 
homology to Bt2- 

The present invention contemplates that the hybrid plasmid transformation vectors may be used to develop 
plant cells and their progeny exhibiting insect resistant properties. It is contemplated that plants, particularly 
dicotyledonous plants, other than those described below In the examples can be transformed such as cotton, 

go sugarbeet, soybean, rape and vegetables such as cabbage, lettuce and beans. Transformed plant cells and 
their progeny are protected against certain insect pests by expressing an insect controlling amount of polypep- 
tide toxin. By controlling amount is meant a toxic (lethal) or combative (sublethal) amount of polypeptide toxin. 
In general in this description the words controlling and combating are used interchangeably and no distinction 
Is intended except where, from the context, it is dear that a differentiation between a lethal and non-lethal dose 

55 is intended to be drawn. The transformed plants should be morphologically normal and may be cultivated in 
their usual manner for consumption and/or production of products. Further, said transformed plants should sub- 
stantially reduce the need for chemical or biological insecticides directed towrard combatting Lepidoptera and 
Coleoptera larvae. Since the genes coding for the polypeptide toxin are stably integrated in the plant cell 
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genome and are thus heritable, seed obtained from said transformed plants should also produce plants exp- 
ressing the polypeptide toxin at substantially the same level and thereby also be protected against certain insect 
pests. 

In addition, it is contemplated that transformed plant cells and their progeny could be used to control certain 
insect pests by applying to the pests and/or the habitat of said pests (i.e., the locus to be protected, for example, 
to a growing crop or to an area where a crop is to be grown) an effective (controlling) amount of transformed 
plant matter alone or together with other components. 

By way of example, but not limitation, transformed plant cells and their progeny could be used alone or as 
one component in a formulation or composition. For practical applications, plant cells and their progeny could 
be used as the active material or as a solid carrier in conventional pesticide compositions and formulations. 
Such compositions and formulations may also contain adjuvants such as surfactants and stabilizers. Examples 
of such composition and formulations include pastes, dusting powders, wettabte powders, granules, baits and 
aerosol compositions. 

Compositions and formulations are prepared in a known manner. The amount of transformed plant matter 
to be used depends on a variety of factors, for example, the kind of pest, the formulation or composition used, 
the state of the crop infected with the pest and the prevailing weather conditions. In genera), transformed plant 
cells and their progeny may constitute from about 0.1 to about 100% by weight of the composition orformulation 
and preferably from about 1.0 to about 99% by weight 

Known insecticidal, fungicidal, bioddal, herbicidat and fertilizer compounds and compositions compatible 
with the polypeptide toxins may be included as components in the above described compositions and formu- 
lations to provide additional benefits and advantages. 

In practice, certain Lepidoptera or Coleoptera larvae attempt to feed on transformed plants. A small amount 
of transformed plant matter is ingested. The ingested matter is processed in the insect midgut yielding the active 
polypeptide toxin which acts on the midgut cell membrane to kill or inhibit growth of the pest 

Also in practice, when used alone ores one component in a formulation or composition, certain Lepidoptera 
and/or Coleoptera larva attempt to feed on plants treated with said formulations or compositions. A small 
amount of treated plant matter is ingested. The ingested matter containing the formulation or composition is 
processed in the insect midgut yielding the polypeptide toxin which acts on the midgut cell membrane to kill or 
inhibit growth of the pest 

Engineering of the present invention was generally accomplished as follows: 

1 . Isolation and preparation of antibodies specific for B.t crystal polypeptides 

A. Isolation of Bacillus thuringiensis (B.t) crystal polypeptides 

B. Preparation of antibodies (polyclonal and monoclonal) against B.t crystal polypeptides 

2. Preparations of B.t Gene Bank 

A. Preparation of total DNA or plasmid DNA from B.t, preferably plasmid DNA 

B. Partial digestion of the purified DNA with a suitable restriction enzyme 

C. Cloning DNA fragments into a suitable EL coH plasmid expression vector 

3. Isolation of recombinant ptasmids containing B.t polypeptide genes 

A. Screening of the transformed E colj cells with anti-B.t crystal protein serum 

B. Identification and isolation of bacterial clones expressing the polypeptide 

4. Characterization of Bt2 protein 

A. Purification of the polypeptide encoded by the doned B.t gene 

B. Testing to confirm that polypeptide expressed by clones is Immunologically the same as B.t crystal 
polypeptide 

C. Testing to confirm that polypeptide expressed by clones is insecticidal 

5. Mapping and subcloning of Bt2, including restriction enzyme analysis, subcloning and DNA sequence 
determination 

6. Construction of toxin gene cassette including removal of undesired flanking ATG triplets preceding the 
initiator ATG and addition of suitable restriction enzyme cleavage sites using synthetic oligonucleotide lin- 
kers 

7. Construction of Intermediate Vectors 
6. Construction of Hybrid Ti Ptasmids 

9. Engineering of Plants 

A. Identification of transformed plant tissues producing the toxin using the immunoassays and quanti- 
fication of the toxin levels produced 

B. Regeneration of plants from tissues 

10. Detection of Bt2 toxin in engineered plants 

1 1 . Determine toxicity of engineered plants toward insects 
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Different types of chimeric genes (promotor-gene fusions), have been used to genetically transform plant 
cells, and basically 3 different types of plant specific promoters can be distinguished: 

Promoters: 

5 

1. Ti plasmid derived promoters (Pnos, PTR at times referred to herein as PTR2) 

2. Plant promoters (Pssu pea, Pssu301) 

3. Plant virus promoters (P35S from cauliflower mozaic virus) 

10 Types of chimeric genes: 

1. Type I: 

Straight promotor-gene fusions in which the entire Bt2 coding sequence is inserted behind the promoter 
fragment Examples are: Pnos-Bt2 (pHD1050, pHD1060), Pssu pea-Bt2 (pHD1076), PTR2-B12 
15 (pGS1161), Pssu301-Bt2 (pGS1181), P35S-1-Bt2 (pGS1261), P35S-2-BI2 (pGS1271). Some of the con- 
structs do not contain the intact 5' untranslated region of the original transcript (Pnos, Pssu pea), but others 
do(PTR,Pssu301). 

2. Type II: 

Chimeric Pssu-Tp-Bt2 gene fusion in which the Bt2 gene is fused to the transit peptide (Tp) sequence of 
20 the small subunit of RuBisco and expressed under the control of the Pssu promoter. In this case a fusion 
protein preferably Is made from the natural translation initiation signal of the ssu gene. Van Den Broeck et 
al. (1985) demonstrated the transport of the bacteria! NPTII protein into plant chloroplasts using a fusion 
between the transit peptide of the ssu of RuBisco and the NPTII coding region. In view of these results, 
we constructed the chimeric gene Pssu- Tp:Bt2. Both the Pssu promoter anc j the transit peptide (Tp) frag- 
25 ment were derived from the pea gene used by Van Den Broeck et al. (1985). The DMA sequence at the 
junction site is shown in Figure 28. It is worth mentioning that the original 5' untranslated region of the pea 
m-RNA is maintained in Pssu-Tp:Bt2, so that the chimeric gene is translated from the genuine ssu trans* 
lation initiation site (pHD1080). 

3. Type III: 

30 Straight promotor-gene fusions in which only part of the Bt2 coding sequence is used ("truncated Bt2"). 
Fragments of the Bt2 sequence stil encoding an active toxin are inserted behind the plant specific prom- 
oters: The toxic polypeptides produced in the plant cells using these constructs should have biological and 
biophysical properties distinct from the intact Bt2 protein such as specific toxic activity or solubility. 
Examples: pGS1162, pGS1163, pGS1262. 

35 4. Type IV: 

Straight promotor-gene fusions in which a BtNPTII fusion gene (also referred to at times at Bt2:NPT1l) is 
inserted behind the promoter. Fusion genes were constructed, consisting of a fragment of the BI2 coding 
sequence (still encoding an active toxin) fused to the coding sequence of the NPTII enzyme. The BtNPTII 
fusion genes used here, specify stable fusion proteins comprising amino terminal parts of the Bt2 protein 
40 fused to an intact Neomycin phosphotransferase (NTPII) enzyme. These fusion proteins have a specific 
toxicity comparable to the intact Bt2 protein and retain neomycin phosphotransferase enzyme activity. 
Thus, expression of the BtNPTII fusion proteins in plant cells allows direct selection for the production of 
this protein by isolating Kanamydn resistant (Km") transformed cells. Furthermore, the level of Km 11 should 
be directly correlated to the amount of protein synthesized. Thus, selection of plants resistant to a high level 
45 of Kanamycin should identify, among aD possible transformations, those which produce high levels of the 
toxic fusion protein. Further, expression of the fusion protein by a BtNPTII fusion gene might have other 
desirable properties such as stability In plant cells; for example, mRNA may be more stable. Differences 
in results obtained with these Type IV fusion genes might be due to intrinsic differences in the properties 
of the fusion protein expressed as compared to the intact Bt2 protein, 
so Examples: pGS1110. pGS1151, pGS1152, pGS1171, pGS1251, pGS1253, pGS1281. 

Alternative constructions of the desired transformation vectors described herein are also contemplated. For 
example, plant specific exogenous promoters other than those disclosed herein may be used. The use of a 
different exogenous promoter sequence may be useful for directing expression of the inserted exogenous DNA 
in a regulated fashion. Examples of other types of regulation which may be used include tissue-specific exp- 
65 ression (leaves, roots, stems or flowers); and inducible expression (temperature, light or chemical factors). 
Additionally, given the DNA sequence data coding for the polypeptide endotoxins produced by Bacillus thurt- 
ngiensis. a transformation vector could be constructed containing an artificially created DNA fragment substan- 
tially similar to the BI2 DNA fragment described herein. This artificially created DNA fragment could then be 
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used to transform plants in substantially the same manner as described herein. 

The following examples are offered by way of illustration and should not be construed as limiting the scope 
of the present invention. 

$ EXPERIMENTAL 

1. Isolation of Bacfllus thuringlensis (B.t) crystal proteins 

Crystals were isolated and purified from spore preparations of strains B.t bertiner 1715 (received from Dr. 

10 A. Klier, EMBQJL 1, No. 7 f p. 791-799, 1982) and B.t var. kurstaki, (J. Bacterid. 145, No. 2, p. 1052. 1981) 
as described by Mahillon and Delcour (J. Microbiol. Meth.. Vol. 3, No. 2, p. 69-76. 1984). The crystal proteins 
were solubBized by incubating the purified crystals at 37°C for 2 h in 0.2 M thioglycolate, 0.1 M NaHC* pH 9.5, 
whereafter the insoluble material was removed by low speed centrifugation. This procedure solubDizes more 
than 80% of the proteins present in the crystals. Solubilized crystal proteins were analyzed on 7.5% sodium 

is dodecyt sulfate polyacrylamide gel (SDS PAGE). The crystal protein preparation from Bt bertiner contained at 
least two major protein species in the high molecular weight region (apparent MW of 140 and 130 Kd) and a 
less abundant protein of about 120 Kd, as revealed by staining the gels with Coomassie brilliant blue (Figure 
1). The solubilized crystal proteins of strain kurstaki showed one major 130 Kd protein band and a weaker 60 
Kd band (Figure 1). 

20 These solubilized crystal proteins exhibited a strong toxic activity towards third instar larvae of the cabbage 
butterfly Pleris brassicae (L.D. 50 values of 0.5 ng/larva for kurstaki and 0.65 ng/larva for bertiner) using the 
toxicity assay described in section SJZ below. 

2. Preparation of antibodies specific for B.t crystal proteins 

25 

2.1 Polyclonal antisera 

Antisera against B.t crystal proteins (bertiner 1715 and kurstaki) were prepared separately in rabbits and 
mice. Antiserum against B.t crystal proteins (kurstaki) prepared in goat was received courtesy of Dr. L Bulla, 

30 University of Idaho. To the best of applicant's knowledge and belief, the antiserum was prepared by known pro- 
cedures substantially similar to those described for rabbit and mouse. 

Rabbits were injected subcutaneously with 0.5 mg of a solubilized crystal protein preparation (.25 ml diat- 
ysed qagainst PBS pH 7.4) mixed with an equal volume of complete Freund's adjuvant (CFA). After three 
months, the rabbits received another injection of the same type of preparation, and three weeks later blood 

35 samples were taken. BALBc mice were injected intraperitoneally with 100 ug of crystal protein solution, mixed 
with CFA (1/1 vol.). Four to six weeks later they received a booster injection of 50 ug crystal protein PBS, and 
four days later blood samples were taken. Antigen reactivity of the sera was confirmed by immunodiffusion tests 
(Ouchteriony assay). A strong crossreaction between bertiner 1715 and kurstaki crystal protein preparations 
was observed, indicating that they contained antigenicity related components. 

40 Some of the mice were sacrificed and the spleens removed asceptically for cell fusion experiments (see 

2.2). 

2.2 Monoclonal antibodies 

45 Although not essential for the identification of toxin expressing clones as described herein, hybridomas pro- 
ducing monoclonal antibodies against B.t crystal proteins were generated following the procedure originally 
described by Koehler and Milstein (Nature 256: 495-497, 1975). Monoclonal antibodies were used as an 
additional and more specific means of determining toxin presence in bacterial clones and plant ceils. 

Spleen cells from immunized BALBc mice (see 2. 1 ) were fused with the SP2/0 myeloma cell line (Shulman, 

so M. et at , Nature 276, p. 269, 1 976). Cells were plated at 3.1 0 5 per well in microliter plates and 1 0-1 4 days later 
the supernatants were screened for the presence of anti-crystal protein antibodies using an enzyme immuno 
assay (Engvall and Pesce. Scand. J. Immunol., suppt 7, 1978) with alkaline phosphatase labelled goat anti- 
mouse Immunoglobulin as the second antibody (Sigma, A-5153). Approximately 4% of the wells were positive 
for the antigen (crystal protein). Positive clones were subdoned twice by limiting dilution. Positive subclones 

55 were selected, grown up and their culture supernatants containing the monoclonal antibodies were collected. 
A total number of 17 hybridoma celt lines producing monoclonal antibodies reactive with B.t bertiner crystal 
proteins were generated. 
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3. Construction of a gene bank from piasmid DMA of B.t strain berijngr 1715 

Kronstad et ah, J, Bacterid.. 54, p. 419-428 (1983) reported that BJL berliner 1715 contains two related 
toxin genes which are both located on plasmids. Intact endotoxin genes were isolated from a gene bank from 

5 total B.t beriiner 1715 piasmid DNA using partial Sau3A digests of piasmid DNA B.t berliner 1715 cells were 
grown in LB medium (Miller, Experiments in molecular Genetics, (1972), Cold Spring Harbor Laboratory. New 
York) overnight at 37°C. Piasmid DNA was isolated from B.t berliner 1715 using the denaturation-renaturation 
method described by Kronstad et a!., J. Bacterid.. 54. p. 419-428 (1983). Analysis of the piasmid DNA on 0.5% 
agarose gets revealed that this piasmid DNA preparation contained several different piasmid species present 

10 in different molar concentrations. To construct the gene bank thirty ug of piasmid DNA was partially digested 
with Sau3A at 37°C in a total volu me of 500 ul. 1 00 ul samples were taken after respectively 1 0. 20. 30. 45 and 
60 minutes of incubation and phenol-chloroform extracted. The Sau3A digested DNA was size fractionated on 
a 10 to 40% sucrose gradient and the size of the DNA fragments in the different fractions was estimated on a 
0.8% agarose gel. The fractions containing DNA in the 6-10 Kb size range were pooled and llgated to Bglll 

is digested pEcoR251 vector DNA The pEcoR251 piasmid is a derivative of piasmid pBR322 in which the Eco- 
Rl-Puvll fragment has been replaced by a chimeric EcoRI endonudease gene which is fused to a P R promotor 
fragment derived from piasmid pLK5 (Zabeau and Stanley, EMBQ Journal. 1, 1217-1224 (1982)) as depicted 
in Figure 2. The pEcoR251 contains a unique Bglll site in the EcoRI endonudease gene, where insertion will 
Inactivate the gene. The pEcoR251 vector is a suicide vector similar to the positive-selection cloning vehicle 

20 pSCC31 described by Cheng and Modrich (J, Bacterioi. 154, 1005-1008, 1983). Sau3A DNA fragments were 
ligated into Bglll digested pEcoR25l. Recombinant plasmids were selected by transforming the ligation mix into 
competent E. coll K514 cells (Colson et aL, Genetics 52, p. 1043-1050, 1985) as described by Dagert and 
Ehriich, Gene 6 (1980), 23-28. Ceils were plated on LB medium (miller, Experiments in Molecular Genetics 
(1972), Cold Spring Harbor Laboratory, New York), supplemented with ampicfllin (100 ug/ml), 

25 Several gene banks were constructed each containing between 600 and 1500 recombinant clones. 
Analysis of the recombinant plasmids present in 12 randomly chosen clones confirmed that in each gene bank 
at least 10 out of the 12 clones contained inserted fragments with sizes ranging from 5 to 15 Kb. 

4. Isolation of recombinant plasmids containing B.t crystal protein genes 
30 ~* 

The colonies of the gene bank were screened for bacteria producing crystal proteins using a rabbit serum 
raised against purified B.t beriiner crystal proteins (see Section 2.1 above). The procedures used are slightly 
modified from Helfman et al.. (PNAS 80: 31 -35 1983). Bacterial colonies, grown on 150 mm square Petri dishes, 
were replica plated on nitrocellulose sheets (Schleicher & Schuell, 0.45 urn, 401196). Sheets were soaked in 

35 0.1 M NaOH until colonies lysed. The sheets were then air dried, washed in phosphate buffered saline (PBS) 
pH 7.4 for 30 minutes and incubated overnight at 4°C or for 2 hours at room temperature with gentle agitation 
in PBS containing 1% crude ovalbumine (Sigma, A-5253). Nitrocellulose sheets were rinsed in PBS and incu- 
bated for 2 hours In rabbit anti-crystal serum diluted in PBS, 1% ovalbumin, 0.2% Triton X-100, at room tem- 
perature with gentle agitation. After additional washing the sheets were incubated with peroxidase-labeled goat 

40 anti-rabbit antibodies (Sigma, A61 54) (2 hours at room temperature). After extensive washing with PBS/0.2% 
Triton, the sheets were reacted with substrate solution (substrate was 4-chloro-l-naphtol, Sigma, O8890). 
Positive colonies developed as dark blue dots. Using serial dilutions of purified crystal protein solution, the 
detection limit of this test was estimated to be 1-10 ng protein/ml. In total, 4 different immunopositive clones 
were isolated from a gene bank of 1250 clones. Piasmid DNA was prepared from each done following the pro- 

45 cedure of Zabeau and Stanley, EMBQ J.. 1, 1217-1224. 1982. Primary restriction maps were constructed by 
performing single and simultaneous restriction enzyme digestions. Comparison of the restriction maps for the 
enzymes EcoRI, EcoRV, BamHI, Sacl. Mlul and Pstl (See Figure 3) revealed that all 4 plasmids carried DNA 
fragments of different sizes which showed a clear region of overlap. These results show that the Bt2 gene must 
be encoded by a 4.2 Kb region common in the 4 different recombinant plasmids. For further study we subdoned 

so a 7.5 Kb BamHI-Pstl fragment from done B12 (see Figure 3) into the piasmid PUC8 (J. Viera and J. Messing, 
Gene, 19, p. 259-268, 1982) and this recombinant piasmid was termed pBt200. 

5. Characterization of the Bt2 protein 

65 5.1 Identification of a 130 Kd crystal protein encoded by pBt2Q0 

The E. coli strain K514 containing the pBt200 piasmid (see Section 4), showed a strong positive reaction 
in the colony assay. This was further confirmed using an enzyme linked immuno sorbent assay (EUSA) (Engvall 
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& Pesce, 1978, Scand. J. Immunol. Suppl. 7). For the EUSA screening the following procedure was used: Flexi- 
ble polyvinyl microliter plates, coated with goat anti-Bt crystal protein antibodies, were incubated with lysate 
of bacterial colonies (lysates were obtained by freeze-thawing pelleted cells, followed by incubation in 0.1 M 
NaOH for 15 minutes, and subsequent neutralization with 0.1 M HCI). After washing, a diluted rabbit or mouse 

s anti-B.L crystal protein serum was added. After 1-2 hours incubation, plates were washed and incubated with 
rabbit or mouse anti-B.L crystal serum (appropriately diluted). After 1*2 h incubation, plates were washed and 
Incubated with goat anti-rabbit or anti-mouse IgG antibodies, alkaline phosphatase labeled (Sigma A-8025, A- 
51 53). After incubation and washing the substrate (p-nitro phenyl phosphate, Sigma, 104-1 05) was added and 
the reaction monitored by measuring optical density (O.D.) at 405 nm Detection limit of the test for purified 

10 solubilized crystal protein was estimated to be in the range of 0.1-1 ng/mL 

Total cell protein extracts of E.coli strains harboring pBt200 were analyzed on SDS PAGE. An intense new 
protein band was visible in the high molecular weight range, corresponding to a M.W. of about 130 Kd. This 
band was not present in K514 cells containing the pUC8 vector plasmtd without insert This new protein also 
©omigrated on SDS PAGE with one of the majorcrystal proteins of B.t berilner and with the major crystal protein 

is of Bt kurstakl (see Figure 4). The relationship of this protein, which was termed Bt2, with B.t crystal proteins 
was confirmed by immunoblotting. Western blotting experiments were carried out using both rabbit anti-Bt kur- 
staki crystal serum and rabbit anti-Bt berliner crystal serum. Strong reaction of the Bt2 protein with both antisera 
was observed (see Figures 5 and 6). 

These results demonstrate that the doned Bt2 gene codes for one of the crystal proteins of B.t berliner 

20 which is immunologically related to the 1 30Kd crystal protein of B.t kurstakl 

The amount of positively reacting material in bacterial extracts was quantitated using an EUSA assay. 
Using purified crystal protein as a standard, the amount of crystal protein produced in E. ooli harboring pBt200 
was estimated to be in the range of 5-10% of the total cell protein content The estimate agrees well with the 
observed intensity of the band the Bt2 protein band on SDS PAGE after staining with Coomassie blue. To further 

25 characterize the 1 30Kd protein encoded by the pBt200 plasmid (termed Bt2 protein) we developed a rapid puri- 
fication procedure, taking advantage of the relative insolubility of the protein. 5 g cells obtained from a 2 litre 
overnight culture of K514 (pBt200) wereresuspended in 50 ml 50 mM TRIS pH 7.9. 50 mM EDTA, 15% sucrose, 
treated with lysozyme (100 ug/ml), sonicated (30 minutes at 400 watts in a Labsonic 1510), mixed with 200 ml 
of PBS. pH 7 containing 2% Triton X100 and incubated for 30 min. on ice. The lysate was centrifiiged at 1 5000 

30 g and the supernatant was discarded. The pellet containing the Bt2 protein was resuspended in the same buffer 
and the procedure was repeated. Whereafter the pellet was washed twice with 200 ml PBS. To solubilize the 
Bt2 protein the pellet was resuspended in 50 ml extraction buffer 0.2 N thioglycolate and 0.1 m NaHC0 3 . pH 
9.5 for 2 hr. at 37°C. An efficient (>90%) and selective solubilization of Bt2 protein was obtained in this way 
(figure 7). 

35 These semi-purified protein preparations were used for further studies. Antisera were raised against Bt2 
protein in rabbits and mice using a similar immunization protocol as described in Section 2.1. These antisera 
reacted equally well with solubflized crystal proteins from B.t berliner and kurstaki as with Bt2 ftsetf. In the EUSA 
assay described above (Figure 8 shows results with the mouse serum). 

A similar positive reaction was observed using antibodies purified, from anti-Bt crystal serum, by affinity 

40 chromatography on an immunoadsorbent of Bt2 (Bt2 protein coupled onto CN Br activated Sepharose 4B, Phar- 
macia). These antibodies also reacted in Western blotting with a 130Kd protein present in both B.t berliner 
and kurstaki crystals. 

Finally, in the EUSA 9 out of the 17 monoclonal antibodies raised against total B.t berliner crystal proteins, 
were also reactive with the Bt2 protein. (Code numbers: 1 F6, 167. 4D6, 4F3, 8G10, 1 0E3, 1 .7, 4.8, C73) (Figure 
45 9). The same 9 antibodies were also reactive with B.t kurstaki crystal proteins. 

In genera! both the Bt2 protein and the major 130 Kd crystal proteins from B.t require alkaline pH and the 
presence of reducing reagents for complete solubilization. Also they both precipitate at pH 4-5. 

Thus, the cloned gene product Bt2 exhibits biochemical properties similar to those of the major 130 Kd 
crystal protein from B.t berliner and B.t kurstaki and is immunologically related to these crystal proteins, 
so The Bt2 protein was purified further by DEAE-ion exchange chromatography and by Sephacryt gel filtration. 
The amino-termlnal sequence of this purified protein was determined with the use of a gas-phase sequencer 
(Applied Biosystems). operated according to Hewick et at, J. Biol. Chem.. 256, 7990-7997, 1981). 

The sequence of the first 20 N-terminal amino acids was found to be substantially identical to the N-terminal 
sequence deduced from the DNA sequence of a cloned B.t kurstaki gene, Wong et at, J. Biol. Chem., 258 
55 (3), 1960-1967 (1983) (Figure 10). 
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5,2 Insect Toxicity of the Bt2 protein 

Crystals from B.t are known to be particularly toxic against larvae of certain Lepidoptera species. In order 
to test whether Bt2 protein exhibited a similar toxic activity, toxicity tests were perfbimed on larvae of the cab- 
5 bage butterfly Pierls brassicae. Protein solutions of known concentration, expressed as ppm (1 ppm ■ 1 ug/ml) 
were serially diluted in water. Small discs (0.25 cm 2 ) were cut from fresh cabbage leaves and on each disc 5ul 
of a test solution was applied. Discs were air dried and each disc was placed in a vial containing one larva. 
Third Instar larvae were obtained from a synchronized culture of p. brassicae. During a 10 h period before moult- 
ing, these larvae were incubated in separate vials in the absence of food. Immediately after moulting they were 
10 given one leaf disc. When the first disc was consumed, the larva was offered a fresh disc without sample. For 
each sample dilution, 60 larvae were tested. Feeding and viability were monitored every 24 h up to 120 h. As 
can be seen from Table 1 . Bt2 sample preparations exhibited similar degrees of toxicity for P. brassicae larvae 
as solubflized crystals from B.t berliner 171 5. 

To test the effect of sublethal doses of Bt2 toxin on the growth of P. brassicae larvae, the following exper- 
ts (mental design was used: cabbage leaves were dipped In a solution containing a known concentration of Bt2 
protein (0.01-1 ppm) and dried. Groups of 100 third instar larvae (from synchronized cultures) were fed on Bt2 
coated leaves. The leaves were regularly replaced by new leaves treated in the same way. Growth of the larvae 
was followed over a period of seven days, which corresponds to the time period needed to develop from 3rd 
to 5th Instar. As can be seen from the results presented In Table 2 the Bt2 protein induced a significant growth 
20 inhibition in P. brassicae larvae at doses that were sublethal. Growth inhibition was evident at a concentration 
of 0.01 ppm which corresponded to 2.67 ng protein/gram leaf. During the first 48 h the larvae feeding on leaves 
coated with 0.01 ppm ate 3.6 cm* of leaf (83 mg) and consequently ingested about 0.22 ng of Bt2 protein. At 
this time, 93% of the larvae were still in the L3 stage while only 33% of the control larvae were In this stage. 
Thus an inhibitory effect on growth can be observed with toxin doses that are significantly below the LD50 values 
25 (1.65 ng/larva, see Table 1). 

These results indicate which levels of Bt2 protein synthesis must be reached in transformed plant cells in 
order to express insect resistance against P. brassicae. A level of 2.7 ng Bt2 proteln/g tissue is sufficient to 
retard the growth of the larvae. This might already be adequate as such to halt a devastating spread of the 
larvae In the field. Toxicity assays with Bt2 protein were also performed on larvae of the Tobacco Homworm, 
30 (Manducasexta) . As shown in Table 3, Bt2 protein Is slightly more toxic than total beriiner crystal proteins (1 00% 
mortality at 12.5 ng/cm 2 ). In addition, significant growth inhibition is observed at sublethal doses (2.5 ng/cm 2 ): 
4.4 mg body weight after 7 days, as compared to 30.5 mg for control larvae. Due to the fact that Manduca Is 
fed on an artificial diet, (ref: Bell, R. A. & Joachim. F. G. (1976) Ann. Entomol. Soc. Am.. 69: 365-373), results 
are expressed somewhat differently, namely as ng toxin applied per cm 2 of agar medium. 

35 

6. Characterization of the Bt2 gene 

To locate the Bt2 toxin gene on the 7.2 Kb BamHI-PstJ fragment of the pBt200 plasmid a series of deletions 
were made in the 7.2 Kb DNA fragment with respectively Hpal, Kpnl and Ibal. The proteins encoded by these 

AO deletion plasmids were analyzed immunologically, using the EUSA technique and Western blotting (also refer- 
red herein to as immunoblotting) (Towbin et al., PNAS. USA, 76: 4350-4354. 1979 and Burnette. W. N. An. 
Biochemistry. 112, p. 195-203. 1981). 

The results (diagrammed in Figure 11) can be summarized as follows: (1) Deletion of the Hpal fragment 
results in the synthesis of an intact Bt2 protein at a lower level. This finding indicates that the deletion only affects 

45 the regulatory region but not the structural part of the gene. (2) Deletion of the Kpn fragment results in a 
approximately 70 Kd protein fragment still detectable by immunoblotting. (3) The Xba deletions closer to the 
5' end do not give rise to protein fragments detectable by Western blotting procedure. These results show that 
the intact gene encoding the 130 Kd protein is located on a 4.3 Kb Hpal-Psti fragment (see Figure 11). To deter- 
mine the precise structure of the Bt2gene. the complete nucleotide sequence of the 4,060 base pairs (bp) Hpal- 

50 Ndet fragment was determined by the Maxam and Gilbert sequencing method. The sequencing strategy used 
is diagrammed in Figure 12. 

The proposed nucleotide sequence was confirmed primarily by sequencing the complementary strand. 
Examination of the sequence revealed the presence of a single large open reading frame starting at position 
141 and ending at position 3605, which could code for a protein of 1,155 amino acids with a molecular weight 

55 of 1 27 Kd. This is in agreement with the molecular weight of 1 30 Kd of the Bt2 protein as determined by SDS 
polyacrylamide gel electrophoresis. Furthermore, the amino-terminal amino acid sequence predicted from the 
nucleotide sequences agrees with the amino acid sequence determined on the purified Bt2 protein (see Figures 
10 and 13). 
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The complete amino acid sequence of the Bt2 toxin shows extensive homology with the deduced amino 
acid sequences from 3 other B.t crystal proteins from which the genes were cloned and sequenced: B.L kurstaki 
HDI (Dipel) (Schnepf et ah, J. Biol Chem.. 20, p. 6264, 1985). B.L kurstaki HD73 (Adang at al.. Gene, 36, p. 
289, 1985) and B.t sotto (Shibano et a!., Gene, 34, p. 243, 1985). 

Comparison of these other B.t sequences with our Bt2 at the amino acid level (Figure 14) reveals that they 
encode similar but distinct proteins, showing regions of striking homology but also stretches which diverge sig- 
nificantly. 

7. Construction of the Toxin Gene" cassettes 

7.1 Construction of a cassette carrying the Intact Bt2 gene 

Inspection of the DNA sequence of the Bt2 gene revealed that the 160 bp region immediately upstream of 
the ATG translation initiation codon contains 5 ATG triplets. Translation of eucaryotic genes usually starts at 
the first AUG in the message (In RNA U replaces T). These AUG triplets might act as initiator AUG's and could 
be recognized preferentially over the genuine Bt2 initiation codon and could thus reduce the level of expression 
in transformed plant ceOs. Moreover, these AUG's are in other reading frames and would give rise to nonsense 
polypeptides. To prevent initiation of translation at these AUG triplets, the sequences upstream of the Bt2 gene 
were removed by exonudedytic treatment, prior to insertion of the pBt2 gene in the Ti expression vectors. To 
this end, deletion derivatives of the pBT200 plasmkJ in which upstream sequences were deleted up to the 
initiator ATG were constructed. Thirty-five ug of pBt200 DNA was digested with Hpal and treated with 6 units 
of Bal31 exonuclease (Biolabs, New England) for 1 , 1.30, 2, 2.30 and 3 minutes in 300 ul of 12 mM MgCI 2 , 12 
mM CaCI* 0.6 M NaCI, 1 mM EDTA and 20 mM tris-HCl - pH 8.0, at 30°C. One ug of Bal31-treated molecules 
of each reaction were ligated at 4°C to 0.13 ug phosphorylated BamHI linkers (Biolabs. New England) with 2 
units T4 DNA ligase in a total volume of 20 ul. 

After the T4 ligase was inactivated at 68°C for 10 minutes, each ligation mix was digested with 20 units 
BamHI fori h at37*C. Subsequently, 50 ng DNA was recircularteed with 0.1 unitT4 DNA ligase in a total volume 
of 1O0ulfor20hat4°C. 

One-fifth of this ligation mixture was transformed into competent E. ooli K514 cells (Colson et al.. Genetics 
52 (1965), 1043-1050) as described by Dagert and Ehrtich, Gene 6 (1980), 23-28. Cells were plated on LB 
medium Miller, Experiments in Molecular Genetics. (1972), Cold Spring Harbor Laboratory, New York), 
supplemented with carbenicillin (100 ug/ml). 

The deletion end points in the plasmids were first analyzed by measuring the size of the newly generated 
EcoRJ fragments of the recombinant plasmids on a 2% agarose gel. The nucleotide sequences of the exact 
deletion end points in plasmids with deletions ending just before the start of the Bt2 gene were determined. 
Clone pHD100 has a deletion ending 8 bp before the initiator ATG and removes all upstream non-initiator ATG's. 
Clone pBa3.3 contains the BamHI linker fused to the 4th bp of the coding sequence and clone pBa23-3 contains 
the Bam linker fused to bp -33. 

In a second engineering step, the non-coding sequences atthe 3' end of the toxin gene were deleted using 
Bal31 exonuclease (Biolabs, New England). Thirty ug of pHD100 plasmid DNA were digested with Ndel and 
treated with Bal31 exonuclease for 3, 4, 5, 6 and 8 minutes at 30°C in buffer. At each time Interval, 60 ul aliquots 
(each containing 6 ug of Bal31 treated DNA molecules) were removed. After addition of phosphorylated Bglll 
linkers (Biolabs. New England) to the Bal31 treated DNA molecules, the DNA molecules were reciroularized 
with 0,1 U T4 ligase overnight at 4°C. The ligation mixture was transformed into competent E.ooli K514 cells 
(Colson etal. Genetics 52 (19651 1043-1050) as described by Dagert and Ehrtich. Gene 6 (1980), 23-28. Cells 
were plated on LB medium (Miller, Experiments in Molecular Genetics. (1973), Cold Spring Harbor Laboratory, 
New York) supplemented with carbenicillin (100 ug/ml). After determination of the size of the deletion in several 
plasmids, using restriction enzyme digestion and agarose get electrophoresis, pHD160, pHD1 62, pHD163 were 
retained for further experiments. In pHD160, the Bglll site is positioned at approximately 300 bp behind the 
TAA stopcodon of the Bt2 gene; in pHD162 the Bglll is at approximately 250 bp behind TAA; and in pHD163 
the Bglll is at position 3342 (bp) In the Bt2 coding sequence. Construction of pHD160 is schematically diag- 
rammed in Figure 15. In this way, we constructed toxin gene cassettes carrying the Bt2 gene on a BamHI-Bglll 
fragment which wQI be excised and inserted in the BamHI site of the Ti expression vectors. In order to construct 
pHD164, the BamHI-Sad fragment of pHD1 60 containing the 5' end of the coding sequence was replaced with 
the corresponding BamHI-Sad fragment of pBa3.3. To construct pHD159, the BamHI-Sad fragment of pHD163 
was replaced by the BamHI-SacI fragment of pBa3.3 (Figure 16). 

In order to create plasmid pDC3 (Figure 16), plasmid pHD164 was digested with Dral, ligated to Bglll lin- 
kers, and the fragment containing the Bt2 gene was cloned in the Bglll site of pLK57 (Figure 17). In this way. 
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the Bglll site of the BamHI-Bglll cassette was placed in dose proximity of the TAA stop codon of Bt2. 
7-2 Construction of cassettes containing engineered Bt2 genes 
6 7 -2- 1 Truncated Bt2 genes 

7.2.1.1 Rational 

Results from basic research on the functional properties of B.L crystal proteins indicate that the large 

10 approximately 130 Kd crystal proteins are relatively insoluble and, in addition, are protoxins which need pro- 
cessing in the insect midgut towards lower molecular weight active toxins, able to exert their toxic effects on 
the insects (Bulla, L A.. Jr., D. B. Bechtel, K. J. Kramer, Y. L Shetna, A. I. Aronson and P. C. Fitz-James, 1980, 
Rev. Microbiol., 8:147-203; Bulla, L A., Jr., K. J. Kramer, D. J. Cox, B. L. Jones, L I. Davidson and G. L 
Lookhart, 1981, Biol. Chem. 256:3000-3004; T. A. Angus. Can. J. Microbiol.. 2:416 (1956); M. M. Lecadet, 

15 -Microbial Toxins", Vol. II, ed. by T. C. Montie and S. Kadis, Academic Press, Inc. New York and London. 1970. 
pp. 437-471). The specific activity of the Bt toxin when ingested by the insects as part of a composition of 
engineered plant materia) will be determined, notonly by the total quantity of toxin present but also by the degree 
of accessibility of active toxin, released in the midgut It has been shown that some insects species are more 
efficient than others in solubflizing and/or "processing" (enzymatically degrade) B.t protoxins (Presentation by 

20 Dr. P. Luthy in "Second Workshop Bacterial Protein Toxins", Wepion, Belgium: June 30-July 4, 1985; to be 
published in congress proceedings). Therefore, it might be advantageous in the engineering of insect resistant 
plants to construct truncated toxins derived from Bt2 which have the properties of being: 1) already processed 
or partially processed toxin, exhibiting full toxic activity; and 2) more soluble than the original Bt2 protein. Plants 
expressing such truncated polypeptides might exhibit a higher specific toxicity against insects than plants exp- 

25 ressing intact Bt2 at the same level. 

7.2.1.2 Construction of the deletion mutants 

1. Positioning of the toxin gene behind the P L promoter 

30 

A gene coding for a 130 Kd crystal protein toxin of B.L berliner 1716 has been cloned into pUC8 (Viera 
and Messing, Gene 1, 259-268, 1982) giving rise to pBt200. Characteristics of this gene, called Bt2. and the 
resulting toxin (Bt2 protein) have been described in Sections 5 and 6. 

In order to assure a regulatable, high-level expression in E. coli, the Bt2 gene was positioned behind the 

35 P L promoter (Figure 1 7). To this end, the plasmid pBt200 carrying the Bt2 gene on a 7.7. Kb BamH! Pstl fragment 
was cut with Hpal, treated with Bal31, ligated to BamHI linkers, cut with BamHI and setftigated (as described 
in Section 7.1 ). From the resulting clones, deletion derivatives with varying lengths of upstream sequences were 
selected, and inserted behind the P u promoter of the expression plasmid pLK54 (see Figure 17 and Botterman 
et al.. in press. Gene 1986) making use of the restriction enzymes BamHI and Psti. 

40 The resulting plasmids were assessed for the production of Bt2 protein and one of those producing the 
highest levels of Bt2. termed pLB10 was selected for further experiments. Plasmid pLB10 originated from 
pBa23-3 (Figure 17, Section 7.1). 

2. Construction of deletions 

45 

From the internal deletions previously made in p8t200 with Xbal and Kpnl, only the Kpnl deletion gave rise 
to immunologically detectable Bt2-derived protein (see Section 6). Deletions were made in pLB10 using res- 
triction enzymes Kpnl and Hindlll. Western blotting analysis and BJSAshowed that only the Kpnl deletion mut- 
ant, containing the largest fragment extending from the start towards position 2167 of the Bt2 gene, produced 
so a stable approximately 80 Kd polypeptide. The polypeptide encoded by the Hindlll deletion derivative probably 
is highly sensitive to EL ogti proteases. 

Interestingly, the Kpnl deletion mutant-encoded polypeptide exhibited an insecticidal activity that was 
equivalent to that of the intact Bt2 protein: in one experiment the LD^o value on 3rd instar P. brasslcae larvae 
was determined to be 2.5 ng/larva for the Kpn deletion mutant as compared to 2 ng/larva for the intact Bt2. 
55 This result indicates that the truncated Bt2 gene product, arising from the Kpnl deletion, comprises the entire 
active toxic unit 

The previous data suggests that the smallest gene fragment of Bt2. encoding an active toxin is contained 
within the Kpnl deletion fragment but extends further than the Hindlll site. To map the exact endpoint of the 
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minimal fragment coding for the active toxin, deletion mutants were constructed which contained N-terminal 
fragments of decreasing size. To achieve this, we used a strategy which allowed us to construct simultaneously 
deletion-mutants and translational fusions to the NPTII-gene (see Section 7.2.2). The construction of the inter- 
mediate plasmid pLBKm25 is outlined in Figure 18. As shown in Figure 18, pLBKm25 is derived from pLB10 

5 (see previous section) and pLKm91 which will be described in Section 7.2.22. 

As shown, this plasmid is provided with a DNA sequence with stopcodons in the three reading frames 
behind an unique Sail site. This construct was cut with Kpnl, digested with Bal31, cut with Sail, treated with 
Klenow polymerase and religated (Figure 19). In this way, the deleted coding region is fused to a stopcodon 
with a minimum of nonsense coding sequence. An overview of the deletion clones is given In Figure 20. Total 

10 cellular extracts were made of the clones (after induction) and analyzed In Western blotting and EUS A for the 
quantitative detection of Bt2-ltke polypeptides and in an insect toxicity assay to screen for active toxin. The 
results are presented in Figure 21 and indicate that detection of a stable polypeptide decreases gradually when 
the endpoint of the coding region is coming closer to the Hindlll site. 

From a certain position on (still downstream of Hindlll), almost no Bt2-iike protein was detectable anymore. 

15 Furthermore, toxicity of the extracted material from these clones, drops abruptly when the 3' endpoint is passing 
a particular position between Hindlll and Kpnl. The two clones characterizing the smallest toxic (pLB879) and 
the largest nontoxic (pLB834) polypeptide were verified by DMA sequence analysis. This analysis showed that 
the critical endpoint for a stable active toxin maps between positions 1797 and 1820 on the Bt2 gene (Figure 
22). Therefore all N-terminal gene fragments of Bt2, ending downstream of position 1 820 (bp) comprise a gene 

20 fragment encoding an active toxin. Interestingly, total cellular extract of one clone (pLB820) showed a much 
stronger reaction with a polyclonal antiserum and a monoclonal antibody in Western blotting, moreover, the 
protein produced by this clone was more soluble in jBcoli than the Kpnl deletion gene product and still exhibited 
full toxic activity. 

25 7.2J2 Fusion genes to NPT1I 

7.22-1 Rationale 

It is known that amino-terminal fusions at the NPTII gene can generate fusion proteins that still confer 
30 kanamycin resistance in bacteria (Reiss et al., EMBOJ. 3, p. 3317, 1984). 

Since NPTII is a most suitable selection marker in plant engineering, such gene fusions could have very 
promising applications. Indeed when using such NPTII fusion proteins to transform plants, a selection for high 
kanamycin resistance would allow direct selection for a high expression of the fusion product Therefore, toxin 
gene fusions with NPTII might be used to transform plants and select for transformed plants expressing high 
35 levels of toxin, by selection for kanamycin resistance. 

7.2.2.2 Construction of the fusion gene cassettes 



Different fragments of the Bt2 gene were fused to the N-terminus of NPTII. 
40 One of the fusion proteins termed BtNPT2 is described in more detail below. 

1. Construction of the BtNPTC fusion gene 

The construction of the BtNPT2 gene is shown in Figure 23. pLK54 is a pBR322 derivative containing the 
45 P L promoter and 2 phage fd transcription terminators in tandem (Section 7.21.2). pKm109/90 contains the 

NPTII gene of Tn5 on pBR322 (Reiss et al.. EM BO J.. 1984) (Figure 24). 

A 1 141 bp gene fragment of pKml 09/90 containing the NPTII gene was cloned in pLK54 giving rise to 

pLKm90. In order to create a Bglll site behind the NPTII gene, Bglll linkers were ligated at the Xball and the 

Sail site after Klenow polymerase treatment This gives rise to pLKm91. 
so pHD1 59 is a derivative of pBt200 (Section 7.1) whereby a BamHI linker has been fused to the 4th bp and 

a Bglll linker to bp 3342 (after BaI31 treatment). The BamHI Bglll fragment of this plasmid containing the deleted 

Bt2 gene was inserted in the BamHI site of pLKm91 , in one orientation, giving rise to a Bt2:NPTII fusion gene 

on pLBKmlO. 

To construct pLBKm13 an Asp 728, Klenow treated Bglll fragment was inserted between the BamHI site 
55 (after filling in) and the Bglll site of pLKm91 . 

In order to produce the BfcNPTII fusion proteins In E. poli, analogous constructs to pLBKmlO and 1 3 were 
made containing 5' leader sequences of the Bt2 gene with a ribosome binding site. Therefore, from another 
Bal31 deletion derivative of pBt200, pBa23-3 (Section 7.1), with the BamHI linker at position -33 we exchanged 
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the BamHI-Sacl fragment with pLBKm13, giving rise to pLBKm23. 

For the expression of the fusion protein BtNPT2 behind the Pnos promotor and the 35S promoter, the Bam- 
Hl-Sacl fragment of pHD 1 60 (described in Section 7.1 ) was cloned between the same sites in pLBKm13 giving 
pl£Km33. 

Finally for the construction with the Petunia ssu-promotor (see Section 8) we used a modified BtNPTll cas- 
sette wherein the 3' non-cod ing region was removed up to the stopcodon of NPHI. To achieve this the NCo1 - 
Bgill fragment of pl_BKm13 containing the 3' end of the NPTII gene was replaced by a NCo1 Bglll- fragment 
generated from pLKm91 (Figure 23). This plasmid was cut with Odel. treated with Klenow polymerase, and 
tigated to a Bglll linker, whereafter the resulting DNA was cut by NCo1 and Bglll. Figure 23 also shows the 5' 
Bt2 sequences In the different constructs. 

In summary, the BtNPT2 gene contains (Figure 24): 

1) The 5' end of the Bt2 gene starting 8 bp upstream of the initiation ATG oodon or at pos +4 or at posi- 
tion -33 and extending towards nucleotide position 2173. 

2) a 16 bp linker fragment 

3) the NPTII coding region starting at nucleotide position 13. 

2. Characteristics of the fusion protein expressed in E. coii 

The fusion gene BtNPT2, placed behind the P L promotor in plasmid construction pl_BKm23 (Figure 23), 
was expressed in E. coii to study the properties of the fusion protein. 

2.1 Identification of the fusion protein In E. coii 

An E. coii done transformed with pLBKm23 was analyzed in SDS-P AGE and in Western blotting. Coomas- 
sie staining of the complete bacterial extract in SOS PAGE showed the presence of a new protein band having 
an apparent molecular weight corresponding to the expected size of the fusion protein (approximately 110 Kd). 

The protein could also be visualized in Western blotting using either anti-Bt2 serum or anti-NPTlll serum. 
Again the positively reacting band showed the expected size of the fusion protein. The protein Is quite stable 
in £. coii since only limited amount of degradation products was detected (bands of lower M.W.). 

2-2 Kanamycin resistance of the engineered E. coii clone and NPTII activity of the BtNPT2 protein 

The £ coii clone containing p!_BKm23 gene was indeed resistant to kanamycin. Bacteria were able to grow 
on 100 ug/ml Km (for comparison, the wild type NPTII gene confers resistance to more than 1000 ug/mi). 

NPTII activity of the Bt-NPT2 fusion protein was evaluated using an NPTII assay as described elsewhere 
(Retss et aL. Gene 30. p. 217, 1984). A cell extract of the E. coii clone expressing the BtNPT2 protein was run 
on gel in nondenaturing conditions, in parallel with an extract from an E. coii done producing the wild type NPTII. 
Cell extracts were prepared as follows. The E. coii clones were grown during about 4 hrs. at 28°C in 20 ml cul- 
tures (containing LB medium), centrifuged and resuspensed in 1 ml TES buffer, sonicated for 2 times 2 minutes 
at 50 watts in Labsonic 1510 and centrifuged for 30 minutes at 15,000 rpm; the supernatant was used in our 
experiment The position and NPTil-specific activity of the proteins was determined by in situ phosphorylation 
of kanamycin, using ^P-ATP (Reiss et al., 1984, Gene. 30, 217-223). A gel containing the same samples was 
run in parallel and used in a Western blotting procedure (with anti-Bt2 and antt-NPTII antibodies). By compari- 
son with dilution series of purified Bt2 and purified NPTII protein samples, which were included on this gel, the 
amount of protein present in the samples used for activity measurement could be determined; the results indi- 
cated that the specific activity of the BtNPT2 protein was roughly the same as that of NPTII (Figure 25). 

2.3 Behavior of the BtNPTg fusion protein in E. coii 

The results in the previous section indicate that specific NPTII enzyme activities of intact NPTII enzyme 
and of the fusion protein were substantially equivalent This seems somewhat Incompatible with the "in vivo" 
behavior of the protein. While an E. ooli producing wQd type NPTII is resistant to more than 1000 ug/ml Km, 
the BtNPT2 engineered E. coH expressing comparable levels of protein are only resistant to a level of 1 00 ug/ml. 

It Is known, however, that proteins produced in E. ooli at high levels (such as is the case here, using the 
strong P L promotor), tend to precipitate within the cell. One might expect that if a substantial fraction of the 
BtNPT2 protein is present in a precipitated form in E. coii (and most of the protein Is enzymatically inactive) 
the result is a low resistant phenotype. 

Analysis of a bacterial extract of the BtNPT2 done using a Western blotting indicated that indeed nearly 
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all the protein was present in an insoluble form. After lysis of the cells and centrifugation, most of detectable 
BtNPT2 was found In the pellet (this in contrast to the NPTII wild type protein which Is mostly present In the 
supernatant fraction). Only a minor fraction of the BCNPT2 protein was present in the supernatant To solubiltee 
the fusion protein, present in the pellet fraction, 8 M urea + 2% ME (mercapto ethano)) was required. After 
s dialysis, to renature the solubHized protein an enriched BtNPT2 protein preparation was obtained which could 
be tested In insect toxicity assays (see 2.4). 

2.4 Toxicity of the BtNPT2 protein 

10 Previous toxicity assays have shown that the polypeptide encoded by the Kpnl deletion fragment of Bt2 
has still 100% of the toxic activity of the Intact Bt2 protein (Section 7.2.1 2). In addition, our studies on the iden- 
tification of minimal active toxic fragments have shown that this Kpn fragment comprises a (approximately 60 
Kd) active toxin which exhibits the complete toxic activity of the Bt2 molecule. In the following, we wanted to 
determine whether the BtNPT2 fusion protein had still the same degree of toxicity. 

is To this end, toxicity levels towards insect larvae, of enriched BfcNPT2 and purified Bt2 protein were com- 
pared. The exact amount affusion protein in the samples was determined using EUSA (with a monoclonal anti- 
body specific for the N4erminal region of Bt2:4D6) and Western blotting (comparison of band intensity of 
dilutions of the fusion protein and purified Bt2). The results showed that the specific toxic activity on M. sexta 
and P^ brassicae larvae was substantially the same for BtNPT2 fusion protein as for intact Bt2 (Tables 4 and 

20 5). 

Taken together the above data indicate that the BtNPT2 protein has NPTII activity both "in vivo* and "in 
vitro* and In addition that it has an equally potent insecticidal activity- as the Bt2 toxin. Therefore, this truncated 
toxin dearly represents a valuable alternative in the engineering of plants expressing high level of insect toxicity. 

25 2.5 Selection of additional Bt2:NPTll fusions expressing a higher kanamycin resistance phenotype 

The results obtained with the previously constructed BtNPTll gene were very promising since this fusion 
protein conferred kanamycin resistance, showed normal levels of toxicity and was relatively stable. However, 
the kanamycin resistance conferred by the BtNPT2 fusion was relatively low as compared to the wild type cells. 

30 Since the isolated purified Pnos-BtNPT2 protein had a specific NPTII activity comparable to the wild type NPTII 
protein, we concluded that the low kanamycin resistance was due to the low solubility of the fusion protein in 
E. coli. A relatively low resistance phenotype might interfere with an efficient selection system in plants. There- 
fore, we considered the possibility that other Bt-NPTII fusions could have different physicochemlcal properties 
leading to a higher Km resistance phenotype "in vivo". We designed an experiment to fuse the NPTII gene at 

35 random to the Bt2 sequence in the region between the Kpnl site and the processing site. The experiment was 
as follows: 

We used plasmid pLBKm25 (Figure 18) containing the following elements of interest a P t promoter and 
the Bt2 gene, fused at 1100 bp downstream of the Kpnl site, to the NPTII gene (see Figure 19). A unique Xhol 
site separates the Bt from the NPTII gene. This plasmid was linearized by Kpnl digestion and treated with Bal31 

40 exonuclease. The Bai31 reaction was titrated such that the deletions did not proceed far beyond the Hindlll 
site which is localized upstream of the C-terminal processing site. The Ba)31 treated plasmid was ligated to 
Xhol linkers, digested with Xhol and selM igated. As a result, the NPTII is fused to fragments of the Bt2 gene 
varying in size. These plasmids, transformed in §~ coli, conferred kanamycin resistance on condition the NPTII 
gene was fused in frame to the Bt2 gene. Transfonmants were selected on plates containing low levels of 

45 kanamycin (20 ug/ml) and screened for the ability to grow on higher kanamycin concentrations. 

145 kanamycin resistant transformants were screened for their ability to grow on higher kanamycin con- 
centrations. 8 transformants proved more resistant and were able to grow on concentrations higher than 200 
ug/ml of kanamycin. The fusion point in all 8 clones was determined by restriction enzyme mapping with an 
accuracy of 20 bp. Surprisingly 7 out of fi clones had their fusion point around the Hindlll site at position 1 680 

so of the Bt gene. One clone (pLBKm860) mapped at position approximately 2050. Although the majority of the 
deletions were fused around position 1800, none of these conferred a higher kanamycin resistant phenotype. 
The 7 clones which have their fusion point positioned around the Hindlll site are too short to encode an active 
toxin. However, one of the clones (pLBKm860) was: 

More stable, since more protein per amount of total cellular extract was detected in Western blot analysis; 

55 and 

More soluble since more truncated Bt protein was detected in the supernatant 

The positions of the 3' end points in the Bt2 coding sequences in clones 860 and 865 are represented In 
Figure 26. 
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Toxicity of the fusion proteins and truncated Bt2 gene products is illustrated in Table 6. 
7.3 Adaption of cassettes containing truncated Bt genes or Bt gene fusions for expression in plant cells 

Plasmids pLBKm860 and 665 were modified as described in Figure 27 to generated plasmids pLBKml 860 
and pLBKm1865 respectively. plBKm2860 was derived from (Figure 27) pLBKm860. 

By replacing the BamHI-SacI fragment from pLB820 and 884 for the BamHt-Sad fragment of pLBKm14, 
the new plasmids called pLB1 820 and 1 884 respectively, were generated. pLB2820 was derived from pLB 1 820. 
As an example, the final constructs pLBKm1860, pLBKm1865 and pLBKm2860 are shown in Figure 24. 

8, Construction of intermediate expression vectors containing the toxin gene 

8.1 Overview 

Table 7 gives an overview of the engineered plasmids which have been constructed and used in the plant 
tranformation experiments. Each engineered Ti plasmid is the result of a cointegration of a receptor Ti plasmid 
with an intermediate vector. Each intermediate vector contains a chimeric toxin gene comprising a plant prom- 
oter sequence derived from the indicated expression vector and a Bt gene cassette. 

Assembly of chimeric genes 

Table 7 gives the plasmids from which the Bt gene cassettes are isolated. The construction of these plas- 
mids has been described in previous parts. The detailed maps of the expression vectors mentioned in Table 
7 are given in Figure 33 (A-J). 

The detailed construction of the two chimeric genes present in pHD205 and pHO208 are described as an 
example. The experimental procedure uses standard recombinant DNA techniques and experimental protocols 
have been followed, according to Maniatis (Cold Spring Harbor, 1d82). 

The different plant promoters which have been used are (Table 7): 

Pnos: a constitutive and relatively weak promoter derived from the T-DNA encoded nopaline synthase 
gene. 

Pssu-pea: derived from a weakly expressed member of the family of small Subunit of Ribulose biph osphate- 
carboxylase genes of pea. Expression is tight inducible in green tissues. 

PTR2: A constitutive promoter derived from the T R -DNA of the octopine Ti plasmid (Velten et al.. 1984, 
EMBO J.. 3, 2723). In the expression vectors pGSH150 and pGSH1 60 the dual promoter fragment is derived 
from pop443 (Velten et al., 1984, EMBO J.. 3, 2723). The 5' untranslated region of the 2' promoter has been 
completed by adding a BamHI linker to produce the sequence 

ATCGATGGATCC 

Clal BamHI 

Cloning into the BamHI site thus leaves the 5' untranslated region of the 2' gene intact and fuses the Bt 
gene cassette at the initiation ATG of the 2* gene. 

The importance of an intact 5' untranslated region for obtaining high levels of expression of chimeric genes 
has been demonstrated (Jones et al., EMBO J, 4, 2411, 1985). 

Pssu301: is the promotorof an rbs (ribulose blsphosphate carboxylase small subunit) gene of Petunia from 
which about 50% of the Petunia rbs mRNA is transcribed (Dean et al., EMBO J 1 1984, 4, No. 12). Via site direc- 
ted mutagenesis the sequence around the initiation codon (TAAC TATGG CTT) has been changed to TAA 
CCATGGC TT. creating an NCol site on the initiation codon. Similarly, modification around the TAA 

stopcodon from GGCTTCTAAGTT to GGCTTCTAAGATCTT created 
a Bglll site. Bglll 

As a result, the coding region of the ssu-301 gene could be precisely removed by Ncol-Bglll digest and 
substituted by the Bt gene cassettes described under 7.2. 

Isolation and characterization of the promoter fragment (Pssu PET) and 3' end (ssu-PET) is described in 
Dean et al., PNAS, USA, Vol. 82, 4964 (1985). Construction of pAGSOOT (Figure 33H) is described in Figure 
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44. 

P35S: is a strong constitutive promoter derived from cauliflower mosaic virus (CAMV). The P35S-1 pronv 
otor fragment is derived from CAMV isolate Cm4-1B4. It contains a fragment (ntS492-7454) of the CAMV 
genome (Gardner et aL, 1981 , Nucl. Acid Res.. 9, 2871-2888) and a downstream BamHI site for cloning (Figure 
5 40). 

P35S-2 contains CAMV sequences from 6492 to 7466 followed by a Clal site. 

P35S-1 and P35S-2 thus only differ in the length of the 5' untranslated sequences of the 35S CAMV tran- 
script 

w PromotorBt gene Junctions 

Figure 28 gives the DNA sequences at the junction between the promotor regions and the coding sequence 
of the Bt gene cassettes as they are present in the different engineered Ti piasmids. Sequences derived from 
the original promotor regions and from the coding sequence of the Bt2 gene are underlined. Some relevant 
is restriction enzyme sites which have been involved in the assembly of the chimeric genes are indicated. The 
ATG initiation codon is boxed. 

Junctions between Bt gene cassettes and the 3' ends 

20 All chimeric genes are provided at the 3' end with a sequence which contains the 3' untranslated region, 
including the polyadenytation site, of a gene which is naturally expressed in plant cells. The following sequences 
have been used: 
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3'QCS (in pHP1060 t pHD1076, pHDlO80) 

A 706 bp Pvull fragment containing the 3* untranslated region of the octopine synthase gene (pos 1 1939- 
11233 according to Gielen et a)., EMBO 4, p. 635. 1984). 

3't7 (PGS1151, pGS1161, PGS1152, pGS1153, pGS1162, pGS1163. pGS1251, pGS1261. pGS1253 t 
30 PQS1262, PGS1271, pGS1281 

A 212 bp EcoRV-Clal fragment containing the 3' untranslated region of T-DNA gene 7, cloned into the Smal 
site of pUC8 and reisolated as a EcoRI-Sall fragment (pos 2317-2105 according to Gielen et a)., EMBO 4, p. 
835. 1984). 
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3'nos (in pGS1110) 

A 182 bp Ta9l-Clal fragment, containing the 3' untranslated region of the nopaline synthase gene (pos 
1290-1472 according to Depicker et al. f J.MA.G. 1 . p. 561 . 1982) 

3'SSu301 (in PGS1171. pGS1181) 

A approximately 1 2. Kb Bgllt-BamHI fragment derived from the 3' end of the ssu301 gene was constructed 
by site-directed mutagenesis as follows: 

stop coding region (which is TAA) 

s SU 3 0 1 TTC TAAG TTATA 

coding * * . TTCTAAGATCTATA 

sequence Construction of a Bglll 

Bglll site through site- 

directed mutagenesis 

Example 8.1 

This example describes the construction of pHD205, an intermediate vector containing a chimeric Bt2 toxin 
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gene comprising: the nopaline synthase promoter, the Bt2 toxin gene cassette from pHD1 60 and a DNA frag- 
ment containing the 3 r untranslated region of the nopaline synthase gene including the polyadenyfation site. 
In the chimeric gene the Bt2 gene cassette is oriented such that the expression of the Bt2 protein can be 
obtained from the nopaline synthase promoter. The Bt2 gene cassette was excised from pHO160 with BamHI 
and Bgltl and inserted in the BamHI site of pLGV2382 (Herrera-Estrella et a!., EMBO J.. 2, 987-995. 1983). 
Two tig of pHD160 DNA were totally digested with respectively 2 units of Bglll and BamHI (Boehringer Man- 
nheim) for 1 h at 37°C in a final volume of 20 ul, using the incubation buffer described by Maniatis et al. (Molecu- 
lar Cloning (1982), Cold Spring Harbor Laboratory, 133-134). Five ug of pLGV2382 DNA was totally digested 
with BamHI under the same conditions. Subsequently the terminal 5' phosphates were removed from the DNA 
by treatment with calf intestinal alkaline phosphatase (CIP) (Boehringer Mannheim) using the conditions des- 
cribed by Maniatis et al., Molecular Cloning (1982), Cold Spring Harbor Laboratory, 133-134). One-fifth of 
BamHI digested and CIP treated pLGV2382 DNA was ligated to 0.1 ug of BamHI-Bglll digested pHD160 DNA 
with 0.01 units of T4 DNA ligase (Boehringer Mannheim) in a final volume of 20 uL Ligation buffer and Incubation 
are as recommended by Boehringer Mannheim (Brochure *T4 figase", Boehringer Mannheim, August 1980, 
1 0.M.880.486). The ligation mixture was transformed into competent E. coji K51 4 cells (Colson et al.. Genetics 
52 (1 965), 1 043-1050) according to Dagert and Ehriich, Gene, 6 (1 980) 23-28. Cells are plated on LB medium 
(Miller, Experiments in Molecular Genetics (1972) Cold Spring Harbor Laboratory, New York) supplemented 
with carbenicillin (1 00 ug/ml). Transfonmants were screened for the presence of recombinant plasmids by micro- 
scale DNA preparations, performed according to Bimboim and Doly (Nud. Adds Res. 7 (1979), 1513-1523). 
The orientation of the BamHI-Bglll fragment in the BamHI site of pLGV2382 was determined by BamHI-Pstl 
double digestion* Double digestion pattern of recombinant plasmids shows 4 fragments after agarose gel 
electrophoresis. In the alpha-orientation there are fragments of approximately 5700 bp, 3000 bp, 2300 bp and 
920 bp, whereas in the beta-orientation there are fragments of approximately 6200 bp, 3000 bp, 1800 bp and 
920 bp. A recombinant plasmid with the alpha-orientation (the toxin gene under the control of the nopaline synth- 
ase promotor) is used in subsequent experiments and called pHD205. 

Example 8.2 

This example describes the construction of pHD208. The intermediate vector pHD208 contains a chimeric 
Bt2 toxin gene comprising: the promotor from a pea gene encoding a small subunit of ribulose Diphosphate 
carboxylase (Pssu), the Bt2 toxin gene cassette from pHD160 and the 3' untranslated region of the octopine 
synthase gene induding the polyadenyiation site. The fragments of the chimeric gene were assembled in the 
cloning vector pGV831 as described In this example and as diagrammed in Figure 29. The construction of 
pGV831 is summarized in Figure 30. 

Step 1: Insertion of a 706 bp Pvull fragment containing the 3' untranslated region of the octopine synthase 
gene into pGV831, to yield pGV858. 

Five ug of pGV831 DNA was totally digested with 5u Hpal at 37°C for 1 h, using the incubation buffer des- 
cribed by Maniatis et al., Molecular Cloning (1982). Subsequently, the terminal 5' phosphates are removed from 
the DNA by treatment with CiP using the conditions as described by Maniatis et al.. Molecular Cloning, 1982. 
Twenty ug of pGV99 DNA (De Greve et al., J. Mol. Appl. Genet 1, 499-512, 1982) was digested with 20 units 
of Pvull for 1 hour at 37°C. 

The resulting DNA fragments were separated by electrophoresis on a horizontal agarose gel (0.8% agarose 
fin TBE buffer). The agarose band containing the 706 bp Pvull fragment was cut out and the DNA was recovered 
by electroelution. After phenolisation and ether extraction, DNA was precipitated with ethanol by centrifugation 
fin an Eppendorf centrifuge for 10 minutes, washed with 70% ethanol, dried and resuspended in 20 ul H 2 0. 

0.03 ug Hpal digested and CIP treated pGV831 was ligated to 0.1 ug of the purified 706 bp fragment with 
1U of T4 ligase in a final volume of 10 ul. The ligation mixture was transformed into competent E. coji K51 4 
cells. (Colson et al., Genetics 52 (1965), 1043-1050) as described by Dagert and Ehriich, Gene 6 (1980). 23-28. 
Cells were plated on LB medium (Miller, Experiments in Molecular Genetics (1972), Cold Spring Harbor 
Laboratory, New York), supplemented with carbenicillin (100 ug/ml). The resulting recombinant plasmids were 
characterized by double digestion with Pstt and Apal digestion. One of the resulting plasmids, pGV858, yielded 
the desired digestion fragments of approximately 5300 r 1700, 1500 and 900 bp and was used further. 

Step 2: Construction of a modified Pssu fragment and insertion of this fragment in pGV858 to yield pHD503, 



A BamHI site was positioned immediately downstream of the Pssu promotor by inserting the Hindi N-BamHI 
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polylinker from pUC8 (Vienna and Messing, Gene 19, p. 259-266, 1982) into pKC7::Pssu. pKC7::Pssu was pro- 
vided by the Lab of Genetics, State University, Gent, Belgium. It contains the EcoRl-Hindlll fragment which 
includes the promoter lor one of the pea genes encoding the small subunit (ssu) of Ribulose biphosfate car- 
boxylase (RUDP-case) (Herrem-Estrella, Nature 310; 115-120, 1984) cloned in vector pKC7 (Rao and Rogers, 
Gene 7, 1979). 1 ug of pKC7::Pssu was digested with 1 U Hindll: and 1 U BamHI. 1 ug pUC8 DNA was digested 
with 1 U Hindi 1 1 and 1 U BamHI at 37°C for 1 nr. 0.1 ug of each digested DNA were mixed and Hgated with 0.01 
unit of T4 DNA ligase in a final volume of 20 til. The ligation mixture was transformed into competent E. coli 
K514 cells (Dagert and Erhlich, Gene 6 (1980) 23-18). Cells were plated on LB medium (Miller. Experiments 
in Molecular Genetics (1972). Cold Spring Harbor Laboratory, New York) supplemented with 100 ug/nrri car- 
benicfliin. In one of the resulting recombinant plasmids, pGV861, the Hindlll-BamHI fragment containing the 
Km* gene of pKC7 was substituted by the 20 bp Hindlll-GamHI polylinker of pUC& 

Five ug of pGV858 were digested with 5 units of BamHI for 1 h at 37°C in a final volume of 20 ui, using the 
incubation buffer described by Maniatis et aJ., Molecular Cloning. Cold Spring Harbor Laboratory. 133-134. 
(1982). Subsequently, the terminal 5' phosphates were removed from the DNA by treatment with CIP using 
the conditions described by Maniatis et a!., Molecular Cloning . Cold Spring Harbor Laboratory, 1 33-1 34 (1 982). 
Two ug of pGV661 were digested with 2 units of Bglll, BamHI and Pvul for 1 h at 37°C in a final volume of 20 
ul, using the incubation buffer described by Maniatis et al., Molecular Cloning. Cold Spring Harbor Laboratories 
1982. 

0.2 ug BamHI digested and CIP treated pGV858 was ligated to 0.05 ug BamHI-Bglll-Pvut digested pGV861 
with 0.01 units of T4 DNA ligase (Boehringer Mannheim) in a final volume of 20 ul. The ligation mixture was 
transformed into competent E. cgli K514 cells (Colson et al., Genetics 52 (1965), 1043-1050) according to 
Dagert and Ehriich, Gene. 6 (1980), 23-28. Cells are plated on LB medium (Miller, Experiments in molecular 
Genetics (1972) Cold Spring Harbor Laboratory. New Yorfc) supplemented with carbenlcillin (100 ug/ml). Car- 
benicillln resistant clones were screened for the presence of recombinant plasmids by restriction enzyme diges- 
tion of DNA prepared by the microscale technique described by Bimboim and Dolv (Nud. Acids. Res. 7 (1979), 
1513-1523). 

In one of the recombinant plasmids, pHD503, the Bglll-BamHl fragment including the pea ssu promoter is 
inserted in the correct orientation in front of the 3' end of the octopine synthase gene. pHD503 contains a unique 
BamHI site, located between the Pssu promoter and the 3' end of the octopine synthase gene. 

Step 3: Insertion of the BamHI-Bglll Bt2 gene cassette into the BamHI site of pHD503 to yield the 
intermediate expression vector pHD208. 

Two ug of pHD1 60 DNA were completely digested with 2 units of Bglll and 2 units of BamHI for 1 hour at 
37°C In a final volume of 20 ul. Five ug of pHD503 DNA were digested with 5 units of BamHI to completion 
under the same conditions, treated with CIP using the conditions described by Maniatis et al.. Molecular Cloning 
(1982), Cold Spring Harbor Laboratory, 133-134) to remove the terminal 5' phosphates from the DNA. 0.1 ug 
of BamHI-Bglll digested pHD160 DNA was ligated to 0.2 ug of BamHI digested and CIP treated pHD503 DNA 
with 0.01 U T4 DNA ligase in a final volume of 20 ul. 

The ligation mixture was transformed into competent E. cdi K51 4 cells (Dagert and Erhlich, Gene 6 (1980) 
23-18). Cells were plated on LB medium (Miller. Experiments in Molecular Genetics (1972). Cold Spring Harbor 
Laboratory, New York) supplemented with streptomycin (20 ug/ml) and spectinomydn (50 mg/ml). Strep- 
tomydn-spectinomycin resistant dones were screened for the presence of recombinant plasmids by restriction 
enzyme digestion of DNA prepared from these dones by the microscale technique described by Bimboim and 
Ddy (Nud. Adds Res. 7, 1513-1523. 1979). pHD208, a recombinant plasmid containing the Bt2gene cassette 
in the correct orientation with respect to the Pssu promoter was isolated and used In further experiments. 

Example 8.3 

This example describes the construction of pGSH151. The intermediate vector pGSH151 contains a 
chimeric BtNPTH fusion gene comprising: the promoter of transcript 2 of the TR-DNA of the octopine Ti plasmid 
(PTR2) (Velten et al., 1984, Embo X, 3, 2723), the BtNPTll njsion gene cassette from pLBKm13 and the 3' 
untranslated region of the gene 7 of the T-DNA of the octopine 71 plasmid. 

The fragments of the chimeric gene were assembled as described in this example. All the techniques were 
performed as described in Maniatis et al.. Molecular Cloning (1982). 
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Step 1: Construction of pGSHSO (Figure 41) 

This plasmid contains the TR promotor PTR2 with a completely intact 5' untranslated region, followed by 
an ATG-initiation codon, followed by a unique BamHl site, and the 3 r untranslated end of the transcript 7 gene. 
5 pOP443 (Velten et aL, 1984) contains a Clal-Hdill fragment comprising the PTR2 and the PTR1 of the 
octopine Tl plasmid. To eliminate the BamHl site, pOP443 was totally digested with BamHl and Sail, the sticky 
ends treated with the Klenow fragment of EL coli polymerase I and self-ligated with T4-ligase. 

After transformation, amplcfliin-resfetant colonies were selected and their plasmids were screened for the 
absence of BamHl and Sail sites, yielding pOP4433SF. 
10 In order to create a Ctal site in front of the 3' untranslated end of transcript 7 in pAP2034 (Velten et at., 
1984), pAP2034 was totally digested with BamHl, treated with the Klenow fragment of EL coli polymerase I and 
ligated to kinated ClaWinkers. The DNA was subsequently totally digested with Clal and self-ligated with T4* 
ligase; among the Amp* transfbrmants pAP2043C was selected. 

From DOP443BSF, the Clal-Hindlll fragment containing the TR-promotors was cloned between the coire- 
15 sponding sites of pAP2034C giving rise to pGSHSO. 

Step 2: Construction of pGV1500 (Figure 42) 

pGV825 is described in Deblaere et al., NAR t 13, 4777 (1985); to reduce its size, pGV825 was digested 
20 with Pvull and self-ligated. The resulting plasmid pGV956 contains a unique BamHl and a unique Bglll-site 
within the T-DNA. pJB63 is described in Botterman et al (in press, Gene. (1986)). The BamHI-Bglll fragment 
containing several unique restriction sites was cloned between the corresponding sites in pGV956 giving rise 
topGV1500. 

25 Step 3: Construction of pGSH1 50 (Figure 43) 

pGSHSO was digested with EcoRI, treated with the klenow fragment of E, coli polymerase I and digested 
with Hindlll. The resulting fragment, containing the TR-promotors was cloned between the Hpal and the Hindlll 
site of plasmid pGV1500. 

30 

Step 4: Construction of pGSH151 (Figure 3) 

The BamHI-Bglll fragment of pLBKml 3 containing the Bt2gene was cloned in the BamHl site of pGSH150 
creating an in-frame fusion of the Bt2 gene starting at the 2nd codon to an ATG-initiation codon behind the 
35 PTR2* 

9. Introduction of the intermediate expression vectors containing the toxin gene into Agrobacterium 

The introduction of intermediate expression vectors into acceptor Tl plasmids of Agrobacterium Is accom- 
40 ptished In two steps: first, the intermediate expression vector is transformed into E. coli strain GJ23 carrying 
two helper plasmids: R64 drd 1 1 containing tra functions and p GJ28 containing the mob functions (Finnegan 
et at., Moj. Gen. Genet 185 (1982), 344-351). Secondly, the E. coli strain carrying all three plasmids Is conju- 
gated to an Agrobacterium strain containing an acceptor Ti plasmid carrying a region of homology with the inter- 
mediate expression vector essentially as described by Van Haute et al., (EMBO J. 2 411-418, 1983). The 
45 recombinant Ti plasmid, resulting from a single crossover event, is isolated by selecting for the antibiotic resi- 
stance marker carried by the intermediate expression vector. 

As an example, the cointegration of pHD205 with pGV3B50 and of pHD208 with pGV2260 is described. 
Intermediate vectors and receptor Ti plasmids used are listed in Table 7 and represented In Figures 31-33. 

so Example 9.1: 

The intermediate expression vector pHD205 was inserted into the acceptor Ti plasmid pGV3850 to yield 
the hybrid Ti plasmid pHD1050. As diagrammed in Figure 31, pHD1050 contains the chimeric Bt2 gene under 
the control of the Pnos promotor, as well as the nopaline synthase gene positioned between T-DNA border 
55 fragments. 

Trie plasmid pHD205 was introduced into competent E. coli GJ23 cells by transformation according to 
Dagertand Ehriich (Gene 6 (1981. 23-28). To select for E. ooliGJ23 cells transformed with pHD205, the cells 
were plated on LB medium (Miller, Experiments in Molecular Genetics (1972), Cold Spring Harbor Laboratory, 
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New York) supplemented with carbenicfllin (100 ug/ml). 

Liquid LB medium was innooulated with one of the pHD205 transformed E. coli GJ23 colonies and cultured 
overnight (aobut 18 hours). 0.1 ml of this culture is conjugated with 0.1 ml of an overnight culture of the C58CI 
Rif* (also called GV3101, Van Larebeke et al., Nature 252. 169-170, 1974) containing (pGV3850) Zambryski 
et al (EMBO J. 2. 2143-2156, 1983) and cultured overnight at 28°C on solid LB medium (Miller, Experiments 
in molecular Genetics (1972), Cold Spring Harbor Laboratory, New York). 

Agrobacterium strains containing hybrid Ti plasmids, resulting from a single cross-over event, were isolated 
by selecting for the kanamycirwieomydn marker carried by the pHD205 plasmid on minimal A medium (Miller, 
Experiments in Molecular Genetics (1972), Cold Spring Harbor Laboratory, New York) supplemented with 
neomycin (400 ug/ml). After purification of transconjugants on LB medium (Miller, Experiments in Molecular 
Genetics (1972). Gold Spring Harbor Laboratory, New York) supplemented with rifampicin (100 ug/rrd) and 
kanamycin (25 ug/ml). The physical structure of the T region of one of the transconjugants, pHD1 050, was deter- 
mined according to the method described by Dhaese et aL, (NucL Acids Res. 7 (1979), 1837-1849) by hybri- 
dization of P* labelled pHD205 against Hindlll digested to total DNA of C58CI Ri f* pHD1050. The structure 
of the T region of pHD1050 is diagrammed in Figure 31. 

Example gg 

The intermediate expression vector pHD208 was inserted into the acceptor Ti plasmid pGV2260 to yield 
the hybrid Ti plasmid pHD1076. As diagrammed in Figure 32 pHD1076 contains the chimeric Bt2 gene under 
the control of the Pssu promoter as well as a chimeric gene containing the neomycin phosphotransferase gene 
under the control of the Pnos promoter, positioned between T-DNA border fragments. The Ti plasmid pGV2260 
Is described in European Patent Application Number 83112985.3 (Publication Number 01 1671 8). The plasmid 
pHD208 was introduced into competent E. coli GJ23 cells by transformation according to Dagert and Ehrlich 
(Gene 6 (1980), 23-28). To select for E. coli GJ23 cells transformed with pHD208, the transformation mixture 
was plated on LB medium (Miller, Experiments in Molecular Genetics (1972), Cold spring Harbor Laboratory, 
New York) supplemented with carbenicfllin (100 ug/ml). 

Liquid LB medium was inoculated by one of the transformed E. coli colonies and cultured overnight 0.1 
ml of the overnight culture of the E. coli strain carrying all 3 plasmids was conjugated overnight with an overnight 
culture of the C58CI Rif* (pGV2260) at 28°C on LB medium (Miller. Experiments in Molecular Genetics (1 972). 
Cold Spring Harbor Laboratory, New York). Agrobacterium strains containing hybrid TI plasmid, resulting from 
a single cross-over event between pGV2260 and pHD208 were isolated by selecting for the streptomycin-spec- 
ti nomycin marker carried by the pHD208 plasmid on minimal A medium (Miller, Experiments in Molecular Gene- 
tics (1972), Cold Spring Harbor Laboratory, New York) supplemented with spectinomycin (300 ug/ml) and 
streptomycin (300 ug/ml) and streptomycin (1 ug/ml). 

Transconjugants were purified on LB medium (Miller. Experiments in Molecular Genetics (1972), Cold 
Spring Harbor Laboratory, New York) supplemented with rifampicin (100 ug/ml). spectinomycin (100 ug/ml) and 
streptomycin (300 ug/ml). The physical structure of one of the transconjugants, pHD1076, was determined by 
hybridizing P 32 labelled pHD208 against Pstl digested total ONA of C58CI RH* pHD1076 according to the 
method described by Dhaeseetal.. (Nuct. Acids Res, 7 (1979). 1837-1 849). The physical structure of pHD1076 
is shown In Figure 32. 

Example 9.3 

The intermediate expression vector pGSH151 was inserted into the acceptor TI plasmid pGV2260 to yield 
the hybrid Ti plasmid pGS151, 

The method used was a triparental cross according to Dittag et al (1980), PNAS. 77, 7347-7351 . 

Liquid LB medium was inoculated with one of the pGSH1 51 transformed E. coli K514 colonies and cultured 
overnight at 37°C, 0.1 mi of this culture was plated together with 0.1 ml of overnight cultures of HB101 
(pRK2013) Figurski & Helinski (1979). PNAS, 76, 1648-1652 and 0.1 ml of C58CI Rif* (van Larebeke et al.. 
Nature, 252, 169-170) on LB plates and grown overnight at 28°C. 

The cells were collected from the LB plates and dilutions were plated on minimal A. medium (Mfller, Exr> 
eriments in Molecular Genetics. 1972, Cold Spring Harbor Laboratory, New York) supplemented with spec- 
tinomycin (300 ug/ml) and streptomycin (1 mg/ml). Transconjugants were purified on LB medium containing 
rifampicin (100 ug/ml). spectinomycin (100 ug/ml) and streptomycin (300 ug/ml). The physical structure of one 
of the transconjugants, pGS1151, was determined by hybridizing P 32 labeled pGSH151 against Pstt-BamHI 
digested total DNAof C58CI Rif* (pGS1151) according to Dhaese et al., N.A.R. , 7 (1979) 1837-1849. 
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10. Isolation of plant cells and plants containing the chimeric toxin gene inserted in their genome 
Procedures: 

5 Two different protocols are described here for the transformation of tobacco plant cells with transformation 
vectors such as those described in Section 9 and for the generation of callus tissue and/or differentiated plants 
from these transformed cells. 

Procedure 1: Cocultivation of protoplasts 

10 

This procedure describes the cocultivation of tobacco protoplasts with Agrobacterium C58CI Rif* and the 
isolation of transformed tobacco cell lines by screening for the presence of a soorable marker such as nopaline 
orfbrthe expression of a selectable marker such as kanamycin resistance and the regeneration of whole plants 
from transformed callus lines. 

15 

Step 1: Preparation of Protoplasts 

a) Grow 10-12 cm high Nocotiana tabacum cv. Petit Havana SR-1 aseptic plants for 4 weeks in vitro in 
medium containing half strength of the mineral components as well as half strength of the vitamins and 

20 sucrose of the Murashige and Skoog medium. (Murashige and Skoog, Physiol. Plant, 15, 473-497, (1 962)). 

b) Incubate leaf segments of 3 well developed young leaves with 20 ml of 1.4% cellulase Onozuka R-10 
and 0.4% macerozyme Onozuka (both from Yakult Pharmaceutical Industry, Co., Ud., Japan.) in the fol- 
lowing solution: 

KCI2.5g/l 
25 MgS0 4 .7H 2 0 1 g/1 

KH2PO4 0.136 g/l 
Sorbitol 73 g/l 

Polyvinyl pyrolidone - 10 0.3 g/l 

c) Incubate overnight at 24°C in the dark; 

30 d) Filter through a nylon filter with a mesh size of 50 micrometer; 

e) Centrifuge in 15 ml tubes at 80 g for 10 minutes, remove the supernatant and resuspend the pellet in 
20 ml of the same solution but without enzymes; 

f) Centrifuge for 10 minutes at 80 g to remove excess of enzymes and remove the supernatant; 

g) Resuspend pellet in 20 ml of 1/2 strength Murashige and Skoog medium supplemented with 0.22% Ca 
35 CI2.2 H 2 0 and 0.4 M mannltol pH 5.6; 

h) Centrifuge for 10 minutes at 80 g, remove supernatant; 

i) Resuspend the pellets in 20 ml of medium 55 (see below); 

j) Count protoplasts and dBute to a density of 10 * pp/ml. Incubate in 5 cm petri dishes (2.5 ml per petri 
dish) in the dark about four days. 

40 

Step 2: Cocultivations with Agrobacterium strain C58CI Ri 1* containing the hybrid TJ plasmkJ (section 9). 

a) A culture of Agrobacterium C58C1 Rrf* was grown until saturation in LB medium, centrifoged for 1 minute 
in an Eppendorf centrifuge, supernatant removed and the cells resuspended in an equal volume of 0.01 

45 M MgCI 2 . When about 30% of the protoplasts have started their first cell division, 50 ul of the bacterial sus- 
pension was added to 2.5 ml of the protoplast suspension (this represents about 1 00-500 bacteria per pro- 
toplast). 

b) Incubate 48 hrs, in the dark. 

c) Transfer the cell suspension to a centrifuge tube, wash the petri dish with the same volume of medium 
so 55 supplemented with Ctaforan 500 mg/l, and add it to the centrifuge tube. Centrifuge for 1 0 minutes at 80 

g, remove the supernatant and resuspend the pellet in the same volume of medium 55 supplemented with 
Claforan 500 mg/l. 

d) Transfer to 5 cm petri dishes (£5 ml/dish) at this moment the cell density is approximately 10* cells/ml. 
Incubate under 400 lux, 16 hours a day. at 23°C for 1-2 weeks until small aggregates of 4-8 cells are formed. 

55 e) Add an equal volume of medium 56 (see below). 

f) After 3-4 weeks colonies are plated on medium 56 solidified with 0.7% agarose, with reduced mannito! 
concentration (0.2 M instead of 0.44 M), and supplemented with Claforan 250 mg/l. At this stage the col- 
onies must contain more than 50 cells/colony. In case Km R is used as a selectable marker 50 ug/ml of Km 
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is added to the medium as a selection agent 

g) Incubate 2-3 weeks at 800 lux, 16 hours a day. 23°C. 

h) Transfer Isolated call) to the same medium. Shoot induction occurs. At this stage, callus tissue is taken 
to screen for the presence of nopaline using the procedure as described by Aerts et a) , Plant Scl Lett 1 7, 
43-50 (1979), in case nopaline is used as scorable marker. 

Step 3: Regeneration of transformed tobacco plants. 

a) Grow nopaline positive or kanamycin resistant call! for 4 weeks. 

b) Transfer the differentiating calli on hormone free Murashige and Skoog. 

c) Grow for 3 weeks. 

d) Separate shoots and transfer to the same medium, grow for 2-3 weeks till plants form roots. 

e) At this stage small plants are transferred to grow in 250 ml containers containing 50 ml of half strength 
hormone free Murashige and Skoog medium. 

f) Grow for 2-3 weeks. Remove a lower leaf for nopaline detection or screening of kanamycin resistance 
activity and for immunological detection of the toxin. 

The leaf disc (also at times referred to herein as leaf segments) assay for testing Km resistance of a plant 
is performed as follows. Small discs are cutout from "in vitro" grown plants and transferred to petri dishes con- 
taining callus inducing medium (M&S macro and micronutrients and vitamins 3% sucrose, 500 mg/l Clafbran, 
1 mg/l NAA and 0.1 mg/l BAP) with various kanamycin sulphate concentrations (50-500 mg/l). 

After three weeks incubation in a plant tissue culture room, callus growth on the leaf discs is monitored. 
The Km resistance level of the plant is determined as the highest concentration of Km on which the leaf discs 
still give rise to callus tissue. 

Screening for the presence of nopaline (nopaline assay) is performed according to the procedures des- 
cribed in Aerts M., Jacobs M. t Hernalsteens J-P., Van Montagu M. and Schell J. (1979) Plant Sci. Letters 17, 
43-50. 

Composition of medium 55: 

- Half strength of the macronutrients of the Murashige and Skoog salts 
- 1 ml/I of 1000 x Micronutrients Heller modifed 

- 1 ml/I of 1000 x vitamins Morel & Wetmore 
- 100 ml/l Inositol 

- 10 ml/I of a stock solution containing FeS0 4 5.57 g/l and Na 2 EDTA 7.45 g/l 

- Benzylaminopurine 1 ml/l 
Naphthalene acetic acid 3 mg/l 
-Mannitol80g/I(0.44M) 
Sucrose 20 g/l 

1000 x Vitamins Morel 
and Wetmore for 100 ml 
Ca panto tenate 100 mg? 
Biotine I mg; 
Niacine 100 mg; 
Pyridoxine 100 mg; 
Thiamine 100 mg; 



Micronutrients Heller 
modified (500 ml) 
500 mg ZnSO^, 7^0 
50 mg H 3 B0 3 ; 
50 mg MnS0 4 . 4H 2 0 
50 mg CuS0 4 . 5H 2 0 
15 mg AlCl-j; 
15 mg NiCl 



Composition of medium 56: 

Medium 56 is the same as medium 55 except for the addition of naphthalene acetic acid at 02 mg/l and 
glutamine 1 mM. 
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Prooedure 2: Infection of leaf segments with Agrobacterium strain C58l Rig containing a hybrid Ti plasmid 

This procedure describes the infection of leaf segments with C58CI RiF and the isolation of transformed 
cell lines by selection on kanamycin containing medium. 

5 Sterile Nfcgtjana tabacum cv. Petite Havana SR-1 plants were grown In vitro in plant nutrient agar contain- 
ing half strength of the complete Murashige & Skoog (M&S) salt mixture complemented with half strength of 
the organic nutrients and sucrose of complete M&S medium. Twenty SR-1 leaf segments of approximately 1 cm 2 
were floated on 5 ml liquid M&S medium (without hormones) in a 9 cm petri dish containing 0.1 ml of a washed 
bacterial suspension of C58CI Rrf* Incubation occurred on a shaker at 60 rmp in the dark for 48 h at 25°C. 

io Subsequently, leaf segments were rinsed twice with M&S medium (without hormones) containing 500 mg/1 
Claforan, and then placed on a medium allowing both callus and shoot formation. This medium contains M&S 
macro- and micronutrients and vitamins, 3% sucrose, 500 mg/1 Claforan, 500 mg/l kanamycinsutfate, 0.1 mg/l 
NAA and 1.0 mg/l BAP. The final pH of the medium is 5.8. Six leaf discs are placed per 9 cm petri dish containing 
about 30 ml medium and are incubated for 3 weeks at 23°C (approximately 1 °C) under a 1 6 hours 2000 lux/day 

15 illumination cycle. After 3 weeks discs bearing callus and small shoots are transferred to the same medium for 
another 3 weeks. At that time shoots over 1 cm in length are transferred to M&S medium without hormones 
and without Km containing 500 mg/l Claforan. Afterwards, shoots are transferred about every three weeks on 
half strength M&S without hormones and the Claforan concentration is gradually decreased (1st transfer. 250 
ug/ml, 2nd: 125 ug/ml, 3rd: 0 ug/ml Claforan). During the first transfer to 1/2 strength M&S, leaf material is 

20 removed to test kanamycin resistance. Leaf discs are transferred to petri dishes containing callus inducing 
medium (M&S macro and micronutrients and vitamins. 3% sucrose, 500 mg/i Claforan, 1 mg/l NAA and 0.1 
mg/l BAP) containing different kanamycin sulphate concentrations (50- 500 mg/l). Plants are retested for Km 
resistance on medium without Claforan when the material has been proved to be free of Agrobacteria. 

25 Example 10.1: Callus and plants transformed with pHD1050. 

T-PNA: Pnos-Bt2 (Bt2 gene fused to Pnos). 

Marker, nopaline synthase as marker gene with additional border sequence between the Bt gene and the nos 
gene. 

30 Transformation method: protoplast infection 

Approximately 250 calli have been screened for nopaline and 19% were Nos + , which represents a high 
efficiency of transformation. 

In total 180 different callus lines, both nos * and nos ~ generated from these transformation experiments 
have been screened for the presence of Bt2 using the sensitive EUSA described above (Section 5.1). Most of 
35 the clones were tested early after transformation during the initial phase of propagation (When only 5 mm diame- 
ter) and some were retested after a period of subculturing (3 months later). On the basis of the immunoassay 
results, a number (25) of callus lines were selected for plant regeneration. From each callus several plants were 
regenerated, and each of them received a distinct number (total of 149 plants). 

The 149 plants were propagated In vitro" and subsequently 138 were transferred to the greenhouses. All 
4o these plants appeared fully normal, flowered and set seeds. Some plants were tested for insect toxicity assays. 
From callus lines 1 61 , 1 65 and 206, total DNA was prepared and the integration of the Bt2 gene was analyzed 
in Southern blotting. Integration of at least 1 copy of the Bt2 gene/genome was detected. 

Example 10.2: Callus and plants transformed with pHD1060 

45 

T-DNA Pnos-Bt2 

Selectable marker kanamycin resistance (Km) 

Transformation method: protoplast infection (procedure 1) and leaf disc infection (procedure 2). 

Following procedure 1 , kanamycin resistant protoplast clones were obtained and grown as calli. Calli were 
50 selected at random and were put in generation medium for shoot formation. Shoots developed and Isolated 

from these kanamycin resistant clones were propagated as plants "in vitro. " Thereafter some of these plants 

were transferred to the greenhouse. 

Following procedure 2, kanamycin resistant callus tissue and shoots were induced. Uncloned callus tissue 

was kept in continuous culture "in vitro. " Kanamycin resistant shoots were isolated and were propagated "in 
65 vitro" as small plants (2-5 cm). These small plants were retested for kanamycin resistance using leaf disc assay 

(50 ug/ml Km). The shoots that were clearly resistant at this concentration of kanamycin were selected for 

further "in vitro" propagation. Plants were eventually transferred to the greenhouse. Using southern blotting 

analysts the presence of both the NPTIl gene and the Bt2 gene was confirmed in the leaf tissue of these plants. 
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Example 103: Calli and plants transformed with p HP 1076 

T-DNA: Pssu-Bt2 (Bt2 gene fused to Pssu) 
Selectable marker kanamycin resistance 

6 Transformation method: leaf disc Infection. 

Using conditions described in procedure 2 either callus transformation of shoot induction was performed 
on the infected leaf discs. Using the callus induction protocol, a number of calli were obtained by partial puri- 
fication and maintained as separated semi clones. On the basis of positive Immunoassay results 5 of these 
lines were selected for further propogation (10764, 10. 1 1, 12, 13). From the shoot induction protocol used in 

10 the initial stage of leaf disc infection a number (72) of kanamycin resistant plants were regenerated (selection 
on 50 ug/ml Km). 

When retested by leaf disc assay 65% of these proved to be truly resistant to 50 ug/ml Km. From leaves 
of some "in vitro* propagated plants, callus tissue was generated and propagated "In vitro" for further testing. 

15 Example 10.4: Calli and plants transformed with pHD1080 

T-DNA: Pssu - Transit peptide (Tp) Bt2 

Selectable marker, kanamycin resistance/(Nos) 

Transformation method- leaf disc infection. 
20 Kanamycin resistant calli and shoot were induced following procedure 2. Approximately 20 kanamycin 

resistant callus lines were analyzed for nopaline expression and all were found positive. 86 kanamycin resistant 

shoots were selected, propagated "in vitro* and retested for kanamycin resistance (using the leaf disc assay) 

and for nopaline expression. 

52 plants (60%) were both kanamycin resistant and nopaline positive, and these were further propagated 
& "in vitro/ Approximately 1 0% of the plants expressed only one of the two markers. 

Example 10.5: Plants transformed with pGS1110 

T-DNA: Pnos-BtNPTll (fusion) 
Selectable marker, kanamycin resistance/Nos 
Tranformation method: leaf disc infection. 

Leaf discs from In vitro" maintained SR-1 plants were Incubated during 48 hours with a suspension of 
Aqrobacterium tumefaciens CSBCl Rif* pGS1 110 (procedure 2). Similar dilutions of different control strains con- 
taining chimeric genes encoding intact NPTII were included. After two weeks active shoot formation on M&S 
medium containing 50 mg/l kanamycin was observed both with the controls and pGS1 1 10. However, after trans- 
fer to fresh selective M&S medium, a difference became apparent between the controls and pGS1110. Some 
shoots on discs inoculated with the latter strain turned yellow and were growing slowly. The best growing and 
green shoots were transferred to medium without kanamycin. Part of them could be rescued in this way and 
started growing normally after the second transfer on kanamycin free medium. 

About 70 shoots were rescued from the pGS1 110 transformation experiment Screening among 35 of these 
shoots showed that 28 of these (85%) were real transform ants since they produced nopaline. This important 
observation suggests that, although the shoots have not been maintained for a long period on Km containing 
medium, phenotypical selection for the expression of the fusion protein had occurred. 

The obtained shoots were propagated 'in vitro" as small plants on nonselective medium. A number of these 
plants were tested for Km* resistance using the leaf disc assay. Most of them expressed a certain level of Km* 
since they formed callus on Km containing medium. Variable resistance levels were recorded in the range of 
50-500 mg Km/liter. However, most of the plants were only resistant to low levels of Km. Two out of a total of 
61 plants showed resistance to 200 ug/ml Km and partial resistance to 500 ug/ml Km (very weak callus growth). 

For a number of plants, copies were transferred Into vermlculite pots. When reaching 10-15 cm height a 
first insect toxicity test was performed on leaves of these plants (see section 1 3). 

Example 10.6: Plants transformed with pGS1161 

T-DNA: PTR2-Bt2 
55 Selectable marker: kanamycin resistance 
Transformation method: leaf disc infection. 

Leaf discs from "in vitro" maintained SR-1 plants were incubated during 48 h with a suspension ofAqrobao- 
terium tumefaciens C58CI Rff* pGS1161. As a control a A. tumefaciens C58CI RH* pGS1 160 containing NPTII 

20 
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under control of pTR was included. After two weeks shoot formation on medium containing 50 mg/l kanamycin 
sulphate was observed. After three weeks discs were transferred to fresh selective medium and after another 
three weeks the best growing shoots were transferred to kanamycin free medium. The level of Km* is deter- 
mined systematically using the leaf disc assay. Most plants showed high levels of resistance (callus formation 
5 on 500 ug/ml Km). 

Example 10.7: Plants transformed with pGS1151 

T-PNA: PTR2-BtNPT2 (fusion) 

10 Selectable marker kanamycin resistance 
Transformation method: leaf disc infection. 

Leaf discs from "in vito* cultivated SR-1 plants were incubated during 48 hrs. with a suspension of Aqrobao 
terium tumefaciens C58CI RP pGS1151. As a control A. tumefaciens C58CI Rif* pGS1160 containing NPTII 
under control of pTR was included. 

15 Shootfbrmation and development of shoots on medium containing 50 mg/l kanamycin sulphate was slightly 
slower on discs treated with pGS1 151 than in control discs (pGS1 1 60). After three weeks discs were transferred 
to fresh selective medium and after another four weeks the best growing shoots were transferred to kanamycin 
free medium. The shoots were propagated "in vitro* as plants and the level of Km 11 of these plants was deter- 
mined systematically using the leaf disc assay. A number of plants were completely resistant to 500 ug/ml Km 

20 (normal callus growth). Tbls data indicates that the PTR promoter directs higher levels of fusion protein exp- 
ression in tobacco leaves than the Pnos promoter (pGS1 1 10, Example 5 in this section). 

Copies of the plants were transferred to pots and grown in the greenhouse. On a selected set of plants, 
those showing high Km resistance, detailed insect toxicity tests were performed (see Section 13). The level of 
Km R is determined systematically using the leaf disc assay. 

25 

Example 10.8: Plants transformed with pGS1162 or pGS1 163 

T-PNA: PTR2-Bt2/820 - PTR2-Bt2/884 
Selectable marker kanamycin resistance 
30 Transformation method: leaf disc infection. 

Leaf discs obtained from "in vitro" grown SR-1 plants were infected with Aorobacterium tumefaciens C58C1 
Rif* pGS1 1 62, pGS1 163 or pGS1 160 (as control). Discs were transferred to media containing different Km con- 
centrations (50-1 00-200 mg/l). Shoots obtained on all three concentrations are transferred to Km free medium. 
Km resistance was checked by leaf disc test on callus inducing medium containing 50-500 ug/ml Km. 

35 

Example 10.9: Plants transformed with pGS1152 

T-PNA: pTR2-BtNPT860 

Selectable marker kanamycin resistance 
40 Transformation method: leaf disc infection. 

Leaf discs obtained from "in vitro* grown SR-1 plants were infected with Aqrobacterium tumefaciens C58CI 

Rif* pGS1 152. Discs infected with Agrobacterium tumefaciens C58CI Rif* pGS460 were included as a control. 

Discs were transferred to media containing different Km concentrations (50-100-200 ml/1). Shoots were 

obtained on all three concentrations, although less abundant than in control discs infected with C58CI Rif* 
45 GS1160. 

11. Immunological detection of Bt2 protein in engineered plant tissues 

Expression of Bt2 in engineered plants (either callus tissue or differentiated plants) was monitored using 
50 the BJSA described in Section 5 and adapted for assaying plant extracts. 

Conditions for preparing and assaying plant extracts were established in reconstruction experiments in 
which purified Bt2 protein was mixed with plant extracts. 

In reconstruction experiments we observed no significant loss in antigenic activity of Bt2 protein (less than 
20%) due to the presence of plant extracts. In the EUSA assay, as little as 0.1 mg/ml purified Bt2 protein was 
55 still detectable. However, in reconstruction experiments a certain variability in background occurs, probably 
caused by plant proteins present in extracts. Therefore, reliable detection limit in these conditions was of the 
order of 1 ng/g tissue, which corresponds to a level of 2 ng Bt2 protein per g of plant tissue. 
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11.1 Screening of Individual calli 

For the immunological screening of individual calli, the following experimental procedure was established: 
Two hundred mg of callus tissue was mixed with 150-200 ul of extraction buffer. Extraction buffer had the 
following composition: 50% of a solution of Na 2 CO3 500 mM and Off 100 mm and 50% fetal calf serum. The 
tissue was homogenized by crunching with a spatula whereafter the cell debris were centrifuged. Fifty ul of 
supematants was added to 50 ul of PBS pH 7.4 + 10% fetal calf serum in wells of a microtiter plate coated with 
goat antibodies against B.L crystal protein as described. During the entire procedure the samples were kept 
in ice and the microtiter plates were incubated at 4°C for 1.5-2 hours. Thereafter the ELISA procedure was 
continued as described in 5.1 tor detection of Bt2 protein with either rabbit antH3t2 serum or with a mixture of 
monoclonal anti-Bt2 antibodies 4D6, 10E3, 1.7, and 4.8 (under the form of culture supematants). 

Example 11.1: Analysis of calli transformed with C58CI R3* pHPOSO. 

Transformed callus clones were obtained through the protoplast coculbvation method as described In Sec- 
tion 1 0 Example 1 0.1 . Since 19% of the clones were found to express nopaline (Nos *), at least 19% of them 
were transformed. However, due to an additional border sequence in the intermediate expression vector 
(pLGV2382) the nos gene and the Bt2 gene can be inserted independently as well as tandemly. Therefore both 
Nos * and Nos * clones were screened in the EUSA assay. 

A total of 1 80 callus clones (1 30 nos ~, 50 nos *) were tested. Some of the clones were retested once or 
twice at different time intervals after the initial propagation from protoplast culture. In none of the cases could 
a clear positive signal be recorded. When the substrate reaction times of the assay were prolonged (overnight 
incubation at 4°C) some of the clones (both nos ♦ and nos ~) produced a very weak signal above the back- 
ground (background being control callus without Bt2 gene). However, since the obtained values were clearly 
below the reliable detection limit of the test system, no firm conclusions could be drawn concerning the exp- 
ression of Bt2 protein in these calli. 

Example 11.2: Detection of Bt2 protein In tobacco callus tissue transformed with C58C1 Rlf * pHD1 076. 

Transformed callus tissue obtained from leaf segment infections using Agrobacterium strain C58CI Rif* 
(pHD1076) (see Section 10, Example 10.3), were screened immunologically for the presence of Bt2 protein. 

After initial propagation calli were transferred for a second time after 20 days. When they reached optimal 
growth, 200 mg was used from each callus line for immunological screening In the EUSA. In a first experiment 
9 out of 14 transformed call! showed a positive signal clearly above the background obtained with the 4 control 
calli (untransfbrmed SR-1 callus), when reacted with a specific rabbit anti Bt2 serum, (see Figure 34). Three 
transformed calli generated a signal corresponding to approximately 5 ng Bt2 protein per gram tissue, as deter- 
mined by comparison with a positive control (control SR-1 mixed with a known amount of Bt2 protein). All sam- 
ples gave signals equal to background level signals (obtained with SR-1 control callus) when reacted with 
normal rabbit serum as a negative control. In a second experiment 1 3 out of 21 transformed calli yielded a signal 
significantly above background (Figure 35). One of the calli generated a signal corresponding to 4 ng of Bt2 
per gram tissue. These results indicate that Bt2 protein is produced at a detectable level in a fraction of the 
calli transformed with pHD1076. 

About 5 weeks after the first EUSA experiments, 4 selected lines (1076-10, 11, 12 and 13) which In the 
initial screening gave high positive values, were retested in EUSA. From each line several "subclones" were 
tested (the original callus had been divided in pieces which were propagated independently in the next growth 
cycle; each new piece Is referred herein to as a subclone). From 1076-10, one subclone was positive, one nega- 
tive, from 1076-12, 2 subclones were positive, from 1076-13, 3subdones were positive. 2 were negative. These 
results indicate that callus tissue originally scored as B.t positive might, when further propagated, give rise to 
B.t negative callus. 

1 1.2 Detection of Bt2 in pooled callus extracts 

In order to perform detailed immunoassay screenings with an increased sensitivity of detection, concen- 
trated extracts from larger amounts of transformed callus tissues were prepared. The procedure developed here 
for obtaining an extract enriched in Bt2 protein, is based on the property of Bt2 to precipitate at pH 4-5. 
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Example 11.2.1: Calli transformed with pHD1076. 

Transformed calli using pHD1076 were grown on medium containing 0.05 mg/tml kanamycki sulfate and 
140 g of undoned transformed calli were coQected (a pool of callus lines 1076-4, 10, 1 1 , 12, 13 and a number 
of unscreened lines). An extract was made by homogenizing the calli in the presence of 70 ml extraction buffer 
(Na-tCOa 500 mM f pH 10, DIT 5 mM, PMFS 170 ug/ml). 

The supernatant obtained after centrifugation at 15,000 rpm was diluted by adding 50 ml phosphate buf- 
fered saline pH 7.5. Subsequently the pH of the dButed extract was brought to pH 6 with 1 M HQ and it was 
Incubated for 20 minutes at 0°C and the supernatant isolated by centrifugation and stored at 0°C (fraction pH 
6). When pH was brought down to 4.5 a new precipitate was Isolated (fraction pH 4*5) in the same way. The 
pellets were washed once with H 2 0 and subsequently incubated tor 20 minutes at room temperature in the fol- 
lowing buffer NaaCOa 500 mM pH 10, DTT 50 mM, PMSF 170 ug/ml (pellet pH 6 in 1.5 ml and pellet pH 4.5 
in 2 ml). 

The material solubilizing in these conditions was isolated after centrifugation at 15.000 rpm and these sam- 
ples were called 1076 pH 6 and 1076 pH 4.5 respectively. 

A completely identical procedure was used to prepare extracts from normal SR-1 callus material (used here 
as a negative control) and resulted in two preparations called SR-1 pH 4.5. Total protein content in these sam- 
ples was: 



In order to evalaute the efficiency of the procedure a reconstruction experiment was done in which 1 ug of puri- 
fied Bt2 was added to 20 g of SR-1 control callus tissue at the initiation of the sample homogenization. Presence 
of Bt2 protein in these extracts was determined using the EUSA (with goat anti-Bt crystal serum and rabbit anti 
Bt2, 6002). A strong reaction was recorded in fraction 1076 pH 4.5 as compared to the negative control (SR-1). 
Fraction 1076 pH 6 gave a signal which was only slightly higher than SR-1 pH 6, indicating that this fraction 
only contained a minor part of the Bt2 protein content. 

In the EUSA, fraction 1076 pH 4.5 also gave a significant reaction with five different monoclonal antibodies, 
specific for Bt2 protein, namely 1 .7, 406, 4.8, 1 0E3 and 1 F6 (see Figure 36). This strongly indicates that fraction 
1076 pH 4.5 contains Bt2 protein which Is in the same configuration as the bacterial Bt2. 

In the following we attempted to remove Bt2 protein from the extract using a procedure of immunoprecipi- 
tation. A 5% volume of rabbit antt~Bt2 serum was added to the extract which was incubated at 4°C for 1 hour. 
Subsequently a 5% volume of goat anti-rabbit Ig serum was added, followed by 1.5 hours Incubation at 4°C. 
The precipitate was removed by centrifugation and the supernatant was tested in the EUSA. This supernatant 
contained at least 1 0 times less Bt2 activity than the original 1076 pH 4.5 fraction, indicating that the material 
which generated the positive signals in EUSA could be specifically removed by anti-Bt2 antibodies, again con- 
firming the Bt2 nature of the positively reacting substance in EUSA. 

In a next experiment the above samples were dialysed against carbonate buffer pH 10. A quantitative deter- 
mination of the Bt2 content of extract 1 076 pH 4.5 was performed by testing dilutions of the extract and a solution 
of purified Bt2 protein as a standard in the EUSA. The value determined was 1 22 ng Bt2/ml extract (total volume 
2 ml). Reconstruction experiments (Bt2 added to SR-1 control callus at the beginning of the extraction), indi- 
cated that only 20% of Bt2 protein is lost during the extraction procedure and that 80% is contained in the pH 
4.6 fraction. Based on these results, one could calculate that the total amount of Bt2 protein originally present 
in 140 g callus was 305 ng, which Is 2.2 ng/g, a result that agrees well with the original estimates made for the 
screening of individual calli (see Figures 34 and 35). These data show that Bt2 protein present in extracts from 
transformed calli can be specifically concentrated using a precipitation procedure at pH 4.5 as described above, 
allowing us to quantity more accurately the amount of Bt2 protein produced in these plant tissues. 

Example 11.2.2: Calli transformed with pHD1050. 

A 500 g pool of selected callus clones (on the basis of previous EUSA tests on individual calli, approxim- 
ately 25 callus lines, which gave values above background, were selected) and homogenized in the presence 
of 1000 ml extraction buffer using the same procedure as described in Example 1. Material which remained 



1076 pH 6 
1076 pH 4.5 
SR-1 pH € 
SR-1 pH 4.5 



600 ug/ml 
6560 ug/ml 

380 ug/ml 
3840 ug/ml 
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soluble at pH 6, but precipitated at pH 4.5 was Isolated by centrifugation and subsequently redissolved In a 
small volume of carbonate buffer pH 10 (see Example 11 .2.1). Analysis of the material in EUSA revealed posi- 
tive signals corresponding to 60 ng/ml Bt2 or 1.2 ng/g callus tissue (Table 6). 

Example 11-2-3: Calli transformed with pHD1060 and gHDIOgO. 

In this example a slightly different and more extensive extraction protocol was used for the isolation of Bt2 
protein from the engineered plant material. A protocol was developed to recover eventual residual Bt2 protein 
that would not be solubflized in a single extraction step as used in the procedures of Examples 11.2.1 and 
11J2.2. Such could be the case, since Bt2 protein contains some highly hydrophobic regions which possibly 
interact with plant cell membrane structures and therefore would be difficult to solubitize in the absence of deter- 
gents. The step by step procedure used here would allow the recovery of additional proteins associated with 
insoluble plant oell structure. A schematic representative of the protocol is given in Figure 37. 

A first protein fraction is obtained by extraction in carbonate buffer pH 1 0 + DTT and concentration through 
acid precipitation (pH 4.5) (fraction I). This fraction corresponds to the pH 4.5 extract obtained using the pro- 
cedure in Examples 11.2.1 and 11.2.2. 

Material not solubilized in this first extraction step and remaining in the pellet is then treated with the same 
extraction buffer containing 1% Triton X-100. Proteins, solubilizing in these conditions and precipitating at pH 
4.5 are contained in fraction II. The last step Involves solubilization in 2% SDS followed by acetone precipitation, 
yielding fraction 111. Fractions I and II are analysed In EUSA and Western blotting; fraction III, which contains 
SDS, is only analysed in Western blotting. 

EUSA results are given In Table 8: positive signals were detected in fractions I and II of both constructions 
1060 and 1080. corresponding to Bt2 levels of respectively 1.9 and 1.4 ng/g original tissue (ft. I) and 027 and 
0.29 ng/g (fr. II). Western blotting of the SDS solubllized material (fraction III) revealed the presence of a faint 
25 approximately 130 Kd band for both 1 060 and 1080 callus material (using rabbit anti-Bt2 serum). Detection limit 
of the Western blotting was 1 0 ng/lane, therefore these fractions contained at least 0.39 ng/g for 1060 and 0.5 
ng/g for 1080. 

Western blotting of fractions I of 1 050, 1 060 and 1 080 did not reveal the presence of a 1 30 Kd band probably 
because the concentration of Bt2 protein is too low in these fractions. 

30 The present results indicate that low levels of Bt2 protein are indeed expressed in calli transformed with 
pHD1060 and pHD1080. Although small scale analysis of individual calli might not allow detection of 
immunopositive clones in these constructions, a more rigorous extraction and concentration procedure on a 
pool of selected calli dearly results in reliable and quantitative detection of Bt2 protein. A substantial fraction 
of the Bt2 was strongly bound to Insoluble plant material and could only be released upon use of detergents 

35 such as Triton and SDS. 

11.3 Detection of Bt2 protein in leaves of regenerated transformed plants 

For the routine testing of leaf samples the following procedure was established: 
40 Green leaf tissue (200-400 mg) was taken from "in vitro* grown plants (5-1 0 cm high as described in Section 
10. Example 1) and homogenized in the presence of extraction buffer (200 ul). containing 50% of. Na2 CO3 
500 mM. 100mM DTT, 480 ug/mJ leupeptine (Sigma. L-2884), 2 mM PMSF, 2mg/ml ascorbic acid (Sigma. A- 
7631 ), 2 mM EDTA and 50% of FCS. The tissue was homogenized by crunching with a spatula whereafter the 
cell debris were centrifuged. Thereafter the same EUSA procedure was followed as described for the screening 
45 of callus tissue (see Section 1 1 .1). 

Example 11 .3.1: Detection of Bt2 protein in tobacco plants transformed with C58CI Rig pHD 1050. 

Leaves from the "in vitro' ' propagated plants (70 individual plants regenerated from 25 selected callus 
so clones) were tested for Bt2 expression in the EUSA using conditions described above. 

From 70 plants tested, 5 gave a dear positive reaction above background obtained with leaves of untrans- 
formed SR-1 corresponding to BI2 levels ranging from 6 to 25 ng per gram wet tissue (see Table 9). 

One of the plants with the highest value (plant no 161-9: 25 ng) was studied in more detail. Leaf extract 
reacted positively with a rabbit anti-Bt2 serum and with a mixture of monoclonal antibodies specific for the Bt2 
55 molecule (undiluted culture supematants from clones 1 .7, 4.8, 4D6, 1 0E3). Furthermore It did not react with a 
pool of monoclonals displaying an irrelevant specificity. The plant extract was retested at least twice after freez- 
ing ^ -20°C and thawing, using the same reagents. Identical results were obtained each time, however, the 
level of Bt2 declines gradually with each cycle of freezing/thawing, probably as a result of Bt2 protein degra- 
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dation. 

Plant 161-9 was retested after it had been propagated in greenhouse conditions at a stage when It was 
about to flower. Again a clear positive signal was obtained, this time corresponding to a level of approximately 
5 ng Bt2/gram tissue. 

s This result indicates that the levels of BI2 protein detected in engineered plant leaves might vary consid- 
erably depending on the plants age, growth conditions, eta 

Example 11.3.2: Screening of tobacco plants transformed with C58CI Rig pHD 1060. 

10 Screening of 76 Tn vitro" propagated kanamycin resistant plants did not yield clearly Bt2 positive plants 
using the EUSA method described in Example 11.3.1. 

Example 11.3.3: Screening of tobacco plants transformed with C58CI R?E pHP1076, 

is Leaf extracts from "in vitro" propagated plants obtained through the shoot induction method were screened 
in EUSA (method as in Example 1 1 .3.1). Seventeen plants were tested and none of these gave a positive sig- 
nal. Subsequently, an additional number (21) plants were screened when they were grown in pots and 15-20cm 
high. Again no positive signal above background were recorded in EUSA upon screening of these plants. 

2D Example 11.4: Screening of tobacco plants transformed with pHP1080. 

About 30 "in vitro 1 ' propagated plants were screened in EUSA. One plant (plant no 174) gave a positive 
signal corresponding to 20 ng/g Bt2 both with rabbit anti-8t2 serum and a pool of monoclonal antibodies. The 
extract from this plant was consistently positive upon retesting in subsequent experiments. 

25 

114 Detection of Bt2 protein in callus tissue derived from leaves of transformed plants 

The data outlined in Section 11.1, Example 1112, 11.3, Example 11.3.3 suggests that the Pssu promoter 
constructions used here (pHD1076) are less active in differentiated plant leaves than in callus. 
30 To investigate this further, new callus tissue was generated from leaves of the same plants used in the 
previous assays. Leaf discs were cultured on callus inducing medium and a few weeks later the callus material 
was collected and analyzed in a similar procedure (the only difference being that a Trls pH 7.5 buffer was used 
in the Step I extraction instead of a Na 2 C0 3 pH 10/DTT buffer). 

Callus, induced simultaneously from untransformed SR-1 leaves, was used as negative control. 
35 EUSA analysis of the pHD1076 transformed calli revealed detectable amounts of Bt2 protein (Table 10). 
These results show that a chimeric gene with the Pssu promoter from pea in the construction used herein 
is functional and induces expression of Bt2 protein in tobacco callus tissue derived from leaves, that did not 
express detectable amounts of the same protein. Thus a chimeric gene that directs expression in undifferen- 
tiated callus tissue may not necessarily be active to the same extent If at all In differentiated plant leaves. 

40 

12. Insecticidal activity of the Bt2 protein produced in engineered calli 
Procedures: 

45 Toxicity assays were performed on first instar larvae of Manduca sexta, fed on artificial diet Three to four 
ml of liquid artificial diet (Bell, f^A. & Joachim, F.6. (1976) Ann. EntomoL Soc Ann. 69: 365-373) were dis- 
pensed in each compartment (4 art 2 ) of square Petri dishes. Formaldehyde was omitted from the diet After 
the diet had become solid, 200 ul of a known dilution of sample was applied on the surface of the diet and dried 
In a cool airflow. Four newly hatched larvae were placed into each compartment Growth and mortality were 

so followed over a period of 3-5 days. 

Example 12.1 : Callus extract from calli transformed with pHD1076. 

A concentrated extract from a pool of calli, transformed with pHD1 076 was prepared as described in Section 
65 \\H Example 11 .2.1 Extract dilutions were applied onto the surfaoe of the diet and its toxicity was evaluated. 
The extracted material 1076 pH 4.5 clearly had a toxic effect on the Manduca sexta larvae: at 12.5 ul/cm 2 all 
larvae showed growth inhibition and at 50 ul/cm 2 100% died (Table 1 1). Toxic activity of this material was sig- 
nificantly diminished after immunopreripitation (100% normal growth at 12.5 and 25 ui/cmf 2 and only 37% death 
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atSOuJVcm 2 ), indicating thatthe toxic activity can be depleted by anti-Bt2 antibodies. Extract from untranstormed 
SR-1 callus tissue, the negative control, was completely nontoxic. Since the presence of Bt2 protein in the ext- 
racts was quantified immonologlcally, we could correlate the observed toxicity with the determined Bt2 conce 
ntration. The immunoassay values indicated that 1076 pH 4 contained 122 ng/ml Bt2. Thus, 60 id extract per 
cm 2 corresponds to 6*1 ng Bt2 protein/cm 2 . Previous toxicity assays with Bt2 on Manduca (Section 5.2, Table 
3) indicated that Bt2 at 12 ng/cm 2 is 100% lethal While 2.5 ng/cm 2 induces growth inhibition. 

Together these results indicate that the Bt2, expressed in engineered callus tissue. Is a functional toxin 
and displays toxicity which is in the same range of potency as the bacterial Bt2 gene product 

13. Insectiddal activity exhibited by leaves of transformed tobacco plants 

Procedures: 

In order to evaluate the insecticidal activity expressed in leaves of transformed tobacco plants the growth 
rate and mortality of Manduca Sexta larvae feeding on these leaves was recorded and compared with the 
growth rate of larvae feeding on untransformed SR-1 leaves. The following procedures were used: 

Procedure 1 

Subsequent experiments were carried out on leaf discs placed In Petri dishes. Four leaf discs of 4 cm 
diameter were punched out, placed on wet filter paper on a Petri dish together with 4x10 first instar larvae of 
ML sexta Preferentially young leaves from the upper part of the plant were used. Twenty-four hours later a sec- 
ond disc was added. Between 48 hours and 1 00 hours after initiation of the experiment the number of moulted 
insects were counted at regular time intervals. From this we could calculate the MT50 tirne at which 50% of the 
larvae had moulted. The whole experiment was conducted in a growth chamber at 26°C, 90% relative humidify 
and under a photoperiod of 16 hours light and 8 hours darkness. 

In order to estimate the toxin levels required to have a notable effect on growth rate and viability of Manduca 
sexta larvae in the present experiment a series of reconstruction experiments had to be included. To this end 
purified solubiifced Bt2 protein (Section 5.1) was serially diluted in PBS containing 0.5% Triton X-100. Standard 
volumes of Bt2 solution were mechanically sprayed (to obtain a very- homogenous coating) on tobacco leaf 
discs. Ten L1 (first instar) larvae were placed on each leaf disc, and 3 discs were used per Bt2 concentration. 
Growth rate and mortality of the larvae were followed over a 100 hour period. 

Procedure 2 

A procedure essentially similar to the previous one was also used. This experimental protocol was however 
somewhat more extensive in order to be more effective in reliably detecting very small effects on larva! growth 
rate. The set up was different from the previous one in the following aspects: 

- care was taken that all plants were in exactly the same stage and condition so that the effects on larval 
growth caused by differences in the condition of the leaf tissue would be minimal. 

- larval growth was followed up to the L 3 stage (unlike previous experiments where growth was only moni- 
tored up to L4). 

- not only the moulting time of the larvae was recorded but also larval weight in the final stage was 
measured. 

The plants used in this set up were grown in the greenhouse until they reached a height of 60-80 cm, but 
were not flowering yet Leaf discs were cutout, placed on wet filter paper in Petri dishes and 10 first instar larvae 
were placed on each disc. Per plant, five groups of 10 larvae were used (5 leaf discs). 

Growth rate and mortality were followed over a 7 day period (at this time nearly 1 00% of the controls were 
in the La stage). 

Example 13.1 

Plants transformed with pHD1050, 1060, 1076 and 1080 were screened in the insect assay following pro- 
cedure 1 . No significant effect on growth rate and viability of the larvae could be recorded using this procedure. 
Results of a reconstruction experiment with purified bacterial Bt2 protein were as follows: 

Growth inhibition but no mortaldty was observed at 25 ng/g and approximately 50% mortality at 50 ng/g. 
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Example 13.2 

An extensive toxicity test using procedure 2 was done on a number of transformed plants that were prevn 
ously scored as Bt+ In immunoassays. These plants were 

161-9 (Pnos-BI2 t nos+) (pHD1050 Example 1 Section 10) 

147 (Pnos-Bt2 t nos+) (pHD1050 Example 1 Section 10) 

1 74 (Pssu-Tp-Bt2. Km*. nos+) pHD1 080 Example 4 Section 1 0) 
As controls a Bt ~ plant (161-6) and an untransformed SR-1 were used. Results are presented in Table 12. 

A) The number of larvae that were still in the L 2 stage, or already went to La, or died, at 150 hours after 
initiation of the test a early the L2-L3 transition is somewhat earlier in the groups of larvae feeding on SR-1 
and 161-6 as compared to those feeding on the Bt * plants 161-9, 147 and 174. In none of the groups has 
significant mortality been recorded (10% or less is considered as background). 

B) Mean larval weight at the end of the experiment is presented in the upper row (larvae in 5 groups of 1 0, 
deviation is calculated on the mean values of these groups). 

Below are the weight values calculated for the 5 largest larvae from each group of 10. These results are 
compatible with the kinetics of the L3-L4 transition: control larvae are somewhat larger than larvae feeding on 
Bt * plants. 

Example 13.3 

Insect toxicity assays were done on leaves of plants obtained from the transformation procedure with 
pGS1110 (Section 10, Example 10.5). Plants were 10-20 cm and tests were performed following procedure 1. 
L1-L2 transition was monitored and 2 groups of 10 larvae were used per plant A significant growth inhibition 
effect, exhibited by some of the plants on M. sexta larvae, was observed. Data on the L1-L2 ratio after about 
3 days of feeding, are presented in Table 13. Control plants included in these experiments were transformed 
with vectors containing Pnos-NPTII only. In Exp. 1, from the 6 plants putatively transformed with pGS11 10, 3 
produced growth inhibition (N20-38, N20-22, N20-1 8) as compared to the 3 control plants (C1 , C2, C3). In Exp. 
2, one plant (N20-37) out of 6 produced growth inhibition when compared to the 4 control plants (C4, C5. C6. 
C7). The differences in growth rate are apparent when complete growth rate curves are compared (see Figures 
38 and 39). 

The same plants were also screened for the presence of nopaline and for resistance against kanamycin, 
in order to determine whether they were real transformants. The results of the screening data on the plants 
used in the present insect tests are compiled in Table 14. All four plants that showed an effect on larval growth 
are among the positive transformants, since they are Kanamycin resistant (Km**) and nopaline positive (nos+). 

Example 13.4 

Insect toxicity assays were performed on leaves of plants generated through transformation with pGS1 1 51 
(Section 10, Example 1 0.7). Plants were 1 5-30 cm high at the time of testing and had been grown in greenhouse 
conditions. 

Two independent experiments are described below: some of the plants tested in the first experiment were 
re tested in Experiment II, in order to confirm the observed toxicity effects. 

Experiment I: 

The test was performed as described in Procedure 2 (this section) except that only two groups of ten larvae 
were used per plant (newly hatched Manduca sexta larvae). 

Growth rate and mortality of the larvae were fallowed over a 7 day period and the larval weight at the end 
of this period was determined. Detailed results from Experiment I are represented in Table 1 5 and indicate that 
larvae feeding on several plants transformed with pGS1 151 show significant growth inhibition in the initial stage 
of the experiment as compared to larvae feeding on a control plant For example, after 71 h, 60% of the larvae 
feeding on control plant N21-107 have gone to the L2 stage, while the number of L2 larvae is only 1 5% or less 
on plants N21-18, 43, 53, 50 and 11. When followed over a longer period, significant mortality was recorded 
in the larvae feeding on pGS1 1 51 transformed plants. On one of the plants (N21-1 1), mortality reached 1 00% 
after less than 7 days. Mortality on the control plant only reached 15% on day 7 and 45% of the larvae had 
already gone to the L3 stage (this in contrast to the other plants having substantially no L3 larvae on day 7). 
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Experiment Ik 

Results from a second Insect test (II) involving newly hatched M. sexta larvae was performed on some of 
the plants also used in Exp. I, following Procedure 1. Results are presented in Table 16. A high mortality rate 
was recorded In the plants transformed with pGS1151 (75-100% death) while nearly all the larvae feeding on 
the control plants N21-102, 104 and 107 were still viable after 4 days. A complete list of all the plants used in 
insect tests I and II is given in Table 17. Also indicated are the Km resistance levels determined for the plants 
transformed with pGS1151; the percentage mortality of the larvae feeding on these plants after several days; 
and the mean weight of the larvae that survived after 7 days in Experiment I. 

Conclusion: 

Tobacco plants transformed with pGS1 1 51 and selected for high Km resistance dearly induce severe toxic 
effects on larvae feeding on these plants. The effects on insect larvae observed here, are the same as those 
induced by the B.L toxin of bacterial origin (see Section 5.2, Tables 2 and 3); that is, growth inhibition in the 
initial stage (retardation in the transition from one Instar to the next) followed by death. 

It is apparent from Table 17 that the plants exhibiting the highest levels of Km resistance (500 ug/ml Km) 
also induce the highest mortality rates. Thus, using the fusion protein construction, we were able to select for 
efficient expression of toxicity by selecting for Km resistance. 

It should be noted that the use of a fusion protein, as described herein, may represent a particular advan- 
tage, not only because direct slection for transformants of interest can be done, but also because the fusion 
protein Itself might have some intrinsic useful properties. For example, Bt2:NPTII fusion proteins might be more 
stable in plant cells than intact Bt2 protein and/or the messenger RNA derived from the fusion genes might be 
more stable than intact Bt2 RNA. 

14, Stable inheritance of new phenotype, acquired through transformation 

A substantial fraction of the plants transformed with the transformation vectors described herein w3l con- 
tain, stably inserted into their genome, a fragment of newly acquired DNA containing both a chimeric Bt toxin 
gene and a marker gene (nos, NPT1I). This was confirmed by the results of southern blotting experiments. The 
new phenotypic traits acquired through this transformation method (expression of Bt Toxin, antibiotic resist- 
ance, nopaline production) will be inherited according to classic Mendel ian genetics. To verify stable inheritance 
of the new traits, F t descendants from transformed plants were analysed for the expression of Bt toxin and 
synthesis of nopaline. 

Transformed tobacco plants were allowed to flower and give seed. Care was taken that no cross pollination 
occured. From 4 plants previously identified as Bt +(161-9,10 - 1 ,147 * 174), seeds were germinated in agar 
medium and F, plants were analysed for the presence of nopaline (nopaline synthase being present as marker 
gene in the parental plants). Plants were tested 3 weeks after germination (approximately 1 cm in height) or 
later at 6-7 weeks (2-4 cm). The results are depicted in Table 18. 

From plants 10-1 and 147-8 about 3/4 of the F t were nos + which is expected from Mendelian inheritance 
of a single locus (1 :2z 1 ). For F t plants from 1 61 -9, the nopaline signal was very weak when plantiets were tested 
at approximately 3 weeks after germination. Due to this weak expression the nopaline signals were not clearly 
visible and therefore the number of positives might be underestimated at this stage. However at 7 weeks a clear 
positive signal was detected in a 3/4 of the plants. The reason for the low expression in the early age of the 
plants is not known. 

In the F, from plant 174, of the 45 plants analysed, 43 were nos + . This high percentage (95%) of no s + 
indicates that the nos gene is inserted in the genome on more than one independent locus. Ft plants were also 
analysed for the expression of Bt2 toxin using the ELISA. Data from EUSA assays on leaf tissue indicated that 
Bt2 + phenotype was correlated with nos Therefore the BI2 * trait is stably inherited. 

Cultures of cells containing intermediate cloning vectors and hybrid plasmid vectors were deposited on 10 
Dec. 84 with Deutsche Sammlung von Miko-organism (DSM) Gesellschaft for Biotechnologische Forschung 
mbH, Grisbachstr 8D-3400, Gottingen. Federal Republic of Germany (having been despatched thereto on 5th 
December 1984) and have been assigned accession numbers as follows: 
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E. coli K514 (pHD208) DSM 3127 

E. coli K514 (pHD205) DSM 3128 

A. tumefaciens C58C1 Rif R (pHD1076) DSM 3129 

5 A. tumefaciens C58C1 Rif R (pHDIOSO) DSM 3130 

Cultures of B.t berliner 1715 have also been deposited with the same depository and been assigned an acces- 
sion number of DSM 31 31 . Niootiana tabacum cv. Petit Havana SR-1 has been deposited with the United States 
io Department of Agriculture. National Seed Storage Laboratory. Colorado State University, Ft Collins, Colorado 
60523 and assigned serial number 191 197 and is freely available upon request 

Cultures of cells containing intermediate cloning vectors and hybrid plasmid vectors were deposited with 
American Type Culture Collection (ATCC) on 24th December 1985 and have been assigned accession num- 
bers as follows: 



15 



25 



E. coli K514 (pLBKm25) ATCC 53390 



20 E » coli K514 (pLBKm33) (without lambda repressor) 

~ " ATCC 53389 



30 



40 



45 



50 



55 
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coli K514 (pLBKml820) 



ATCC 53388 



EL coli JM83 K12 (pSSO301) 



ATCC 53391 



Ejl 92}± K514 (pl*BKml860) 



ATCC 53387 



iL tumefaciens C58C1 Ery R Cml R (pHD1080) ATCC 53385 



A^ tumefaciens C58C1 Rif K (pGSlllO) 
Lz. tumefaciens C58C1 Rlf R (pGSHSl) 
A^ tumefaciens C58C1 Rif R (pGS1161) 
A. tumefaciens C58C1 Rif R (pGS1152) 
A^ tumefaciens C58C1 Rif* (pGS1163) 
Ajl tumefaciens C58C1 Rif R (pGS1171) 
A^ tumefaciens C58C1 Rif R (pGS1181> 
A. tumefaciens C58C1 Rif R (pGS1182) 
A^ tumefaciens C58C1 Rif R {pGS1251> 
A^ tumefaciens C58C1 Rif R (pGS1261) 
A*_ tumefaciens C58C1 Rif R (pGS1253> 
A. tumefaciens C58C1 Rif R (pGS1262) 



ATCC 53386 
ATCC 53392 
ATCC 53393 
ATCC 53394 
ATCC 53395 
ATCC 53396 
ATCC 53397 
ATCC 53398 
ATCC 53399 
ATCC 53400 
ATCC 53401 
ATCC 53402 



Their viability was tested and confirmed on 27th December 1985. 
Cultures of E- coli K514 are commercially available 
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TABLE 1 



Toxicity (Toward P. brassica e Larvae) 
of Bt2 and B.t* Crystal Proteins 



Sample Toxicity (mean value t S.D.*) 

LD 5Q (ng/larva) 



Solubilized B,t- 0-65 t 0,35 

berliner 1715 crystals 



Purified Bt2 protein 1-65 t 1*3 



* S.D. is Standard Deviation, 
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TABLE 4 



Toxicity of Bt=NPT2 Fusion Protein on 3rd Instar 
P, brassicae C% Mortality After 4 Days) 



Toxin dose (ug/ml) 
Bt protein 0.1 0,2 0.3 0.6 1 

Bt2 70 NT (X> 90 NT 100 

Bt:NPT2 NT 80 NT 100 NT 

(x) NT « Not Tested 
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TABLE 5 

Toxicity of Intact Bt2 Protein, 60 Kd " Processed" 
Bt2 Protein (Trypsin Digested) and Bt:NPT2 
Fusion Protein on Larvae of Manduca sexta 

% Mortality after 4 days 

Toxin dose: 

(ng/cm 2 ) 0 0.67 2 6 18 54 162 

130 Kd Bt2 0 0 0 0 3 8 100 

60 Kd Processed Bt2 0 0 0 0 60 100 

Bt:NPT2 0 0 0 0 83 100 

Larval Weight after 4 days (mg/larva) 

Toxic dose 

(ng/cm 2 ) 0 0.67 2 6 18 

130 Kd Bt2 27.4 20.7 9.4 5.4 2.4 

60 Kd Bt2 - 16.3 8.3 6.4 3.9 

Bt:NPT2 - 26.5 15.8 7.7 4.5 



Toxin dilutions were applied on artificial diet as 
described in Section 12. Thirty (30) 1st instar larvae 
were used per dilution. 
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TABLE 6 

Toxicity of BtzNPTII Fusion Proteins or Bt2 
Deletions on 3rd Instar P. brassicae Larvae 
(% Mortality After 4 Days) 

E. coli Exp. 1 Dilution Bacterial Extract 



strain 1/100 1/10 1/3 



NF L (neg, 0 0 0 
control) 

pLBKm860 100 98 100 

pLBKm865 2 0 0 



Exp. 2 1/25 1/5 1/1 



NF X 14 2 2 

pLB879 100 100 100 

pLB834 2 2 0 



Exp. 3 1/100 1/10 1/1 



NF 1 4 4 2 

pLB879 8 50 98 

pLB820 54 100 100 

pLB884 74 100 100 
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TflBLE 7 

Sunroary of Engineered Ti Plaanids and 
Thexr Intemyvfi.ate Vectors 



Ti 
Plasmid 


Ti 

Plasmid 


Interine— 
diate 


Expr. 
Vector 


Bt 

Casette 


Plant Plant 
Prom. Marker 


3* End 


pHDIOSO 
pHD1060 


PVG3850 
pGV2260 


pHD205 
pHD207 


piGV2382 
pGV857 


pHD160 
pHD162 


Pnos 
Pnos 


nos 
Km 


ocs 


pHDl076 
pHD1080 


pGV2260 
pGV3850/ 
Km 


pHD208 
pHD210 


pHD503 
pAC6 


PHD160 
pHD!64 


Pssu pea 
Pssu pea 


Km 
Km 


OC5 
OCS 


pGSHXO 


pGV3850 


pGSHlO 


pGV874 


pLBKm33 


Pnos 


KtaF* 


Nos 


pGSllSl 
pGSllSl 

PGS1162 
PGS1163 


pGV2260 
pGV2260 

pGV2260 
pG#2260 


pGSH151 
pGSH161 

pGSH162 
pGSH163 


PGSB150 
pGSH160 

PGSH160 
pGSH160 


pIBKm33 
PHD164 

rVTJWnil &£n 

pi MJMIU.OOU 

P2LBX820 
PIB1884 


PTR2 
PTR2 
PTR2 
PTR2 
FTR2 


RriF 

Rn 

KWF 

Km 

Kkn 


t7 
t7 

t / 

t7 
t7 


PGS1171 
PGS1181 
pGS1182 


pGV2260 
PGV2260 
pGV2260 


pGSH171 
pGSH181 
PGSH182 


pAGS007 
pBGS007 
pflGS007 


pLBKml4 

pDC3 

pLB1820 


Pssu301 
Pssu301 
Pssu301 


Hyg 

Km 

Km 


ssu301 
ssu301 
ssu301 


pGS1251 
PGS1261 
pGS1253 


PGV2260 
pGV2260 
pW2260 


PGSJ251 
pGSJ261 
PGSJ253 


PGSJ250 
pGSJ260 
pGSJ250 


pI£Km33 

pHD162 

pLBKm2860 


P35S*1 
P35S*1 
P35S*1 


KmF 

Km 

KbF 


t7 
t7 
t7 


PGS1262 
pGS1271 
pGS1281 


pGV2260 
pGV2260 
pGV2260 


PGSJ262 
pGSJ271 
PGSJ281 


pGSJ260 
pGSJ270 
pGSJ280 


pIB2820 

pHD162 

pLBKm33 


P35S*1 
P35S*2 
P35S*2 


Km 
Km 
KmF 


t7 
t7 
1:7 



* KmF indicates Kanamycin fusions. 
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TABLE 8 

Results Immunoassays on Pooled Callus Extracts 



Construc- 


Extract 


Protein 


Total 


Bt2 in 




Western 




tion 


Fraction 


Content 


Volume 


ELXSA 




Blotting 








ug/ml 


Extract 
(ml) 


ng/ml 


ng/g 


Volume 
(ul) 


130 Kc 


pHD1050 


I 


9650 


10 


60 


1.2 


50 




(500 g) 
















pHD1060 


I 


7800 


8 


95 


1.9 


50 




(392 g) 


II 


640 


1 


105 


0.27 


200 


+ 




III 


N.D. (x) 


0.3 


N.D. 


N.D. 


20 


+ 


PHD1080 


I 


4150 


2 


72 


1.2 


50 




(100 g) 


II 


326 


1 


29 


0.29 


N.D. 


N.D. 




III 


N.D. 


0.5 


N.D. 


N.D. 


100 


+ 



N.D. = Not Determined 
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TABLE 9 



Levels of Bt2 Protein Detected In Leaves from 
5 Immunopositive Plants Transformed by pHD1050 



Plant Isolation ng Bt2/g Plant Tissue 

Number 



161-9 25,0 

10-1 7.6 

10-2 6-0 

147-8 14-0 

147-9 9.2 



TABLE 10 



Immunoassays on Extracts of Calli D erived from 
Leaves of Transformed Tobacco 



Construe- Fraction Protein Volume Bt2 
tion Content Extract Detected in 

(ug/ml) (ml) ELISA (ng/g) 



pHD1076 I 6 200 7 

(59 g) II 1520 US 
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TABLE 11 

Toxicity of Callus Extract on Manduca Sexta Larvae 



Extract Volume Total Results After 

Per cm 2 Number LI WC L2 Dead 
(ul) Larvae 



1076 12.5 4 3 1 

pH 4.5 50 4 4 

100 4 4 



SR-1 50 
pH 4.5 



(Control No 44 1 43 

Plant Extract) 



After Ixnmunoprec: 



1076 25 12 12 

pH 4.5 50 8 13 



SR-1 50 8 8 

pH 4.5 



49 



EP 0 451 878 A1 
TABLE 12 

Grovth Rate and Mortality of Manduca Sexta Larvae 
Feeding on Transformed Tobacco Leaves 

A. Larval Stage at 150 h: (Number of Larvae) 



Plant 161-9 147 174 SR-1 161-6 

L2 22 22 24 9 5 

L3 25 27 23 36 41 

Dead 3 13 5 4 

B. Larval Weight at 164 h: 

Mean Weight 59.5 48.7 50.6 65.7 74.9 

Per Larva (mg) ±4.7 ±6.1 ±10.4 77.0 86.5 

Mean Weight 67.6 61.9 60.0 77.0 86.5 

5 Largest ±6.5 +6.4 ±1.3 ±2.5 ±7.2 
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TABLE 14 

Characteristics of Plants from Experiment Wo. 20 
Plant Number Nos. Km Insect Tox. 



N2Q-4 


■f 


+ 




N20-30 


+ 


+ 




N20-18 


N.T, (*) 


+ 


+ 


N20-22 


+ 




+ 


N20-3 




+ 




N20-46 


N*T. 


N.T, 




N20-38 


+ 


+ 


+ 


N20-31 




+ 




N20-37 


+ 


+ 


4- 


N20-7 


+ 


+ 




N20-35 




+ 




N20-13 




N.T. 




N20-19 




N*T. 




N20-1 




N.T. 





(*) N.T. = Not Tested 
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TABLE 15 

Growth Rate and Mortality of Manduca sexta Larvae 
Feeding on Leaves From Tobacco Plants Transformed 
with PGS1151 (Experiment I) 

Represented are: 

Numbers of larvae in a certain stage (LI, L2 or L3) 
or dead (D) from groups of 20 larvae after a period of 
feeding on the tobacco leaves* 

Time Plant N21-50 N21-35 N21-11 N21-56 

(Hours) D LI L2 L3 D Ll L2 13 D LI L2 L3 D Ll L2 L3 



0 




20 






20 






20 




20 


55 




20 




5 


15 






20 




20 


61 


1 


19 




5 


14 


1 


1 


19 




20 


66 


1 


19 




5 


11 


4 


1 


19 




19 


71 


1 


19 




6 


5 


9 


3 


19 


1 


9 10 


76 


1 


18 


1 


7 


4 


9 


5 


15 


1 


8 11 


81 


1 


18 


1 


7 


4 


9 


5 


15 


2 


7 11 


87 


1 


18 


1 


7 


4 


9 


5 


15 


2 


7 11 


92 


2 


17 


1 


8 


3 


9 


8 


12 


2 


3 15 


119 


11 


7 


2 


12 


1 


7 


18 


2 


3 


1 16 


136 


12 


4 


4 


12 




8 


19 


1 


4 


16 


144 


12 


4 


4 


15 




5 


19 


1 


4 


16 


159 


13 


3 


4 


17 




3 


20 




4 


16 


168 


15 


1 


4 


17 




2 


1 20 




4 


15 1 
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TABLE 15 (cont'd) 



Tine N21-107(») N21-18 N21-43 N21-53 



10 



15 



2D 



25 



Hours) 


D 


Ll 


L2 


13 


D 


Ll 


L2 L3 


D 


Ll 


L2 L3 


D 


Ll 


L2 


0 




20 








20 






20 






20 




55 




20 








20 




1 


19 






20 




61 




19 


1 






20 




1 


19 






20 




cc 


X 


in 


9 






20 




1 


19 






20 




71 


2 


6 


12 




1 


16 


3 


1 


16 


3 




20 




76 


2 


6 


12 




1 


14 


5 


2 


15 


3 




16 


4 


81 


2 


6 


12 




1 


13 


6 


2 


15 


3 


4 


13 


3 


87 


2 


2 


16 




1 


12 


7 


3 


14 


3 


5 


11 


4 


92 


2 




18 




1 


12 


7 


4 


12 


4 


8 


9 


3 


119 


2 




18 




9 


3 


8 


6 


7 


7 


17 


1 


2 


136 


2 




18 




14 




6 


9 


4 


7 


18 


1 


1 


144 


2 




18 




16 




4 


W 


4 


6 


18 




2 


159 


2 




12 


6 


17 




3 


12 


2 


6 


18 




2 


168 


3 




8 


9 


17 




3 


15 




5 


18 




2 



♦Plant N21-107 is a control plant transformed with the 
same type of vector but comprising only a PTRtNPTII 
chimeric gene and no Bt2 sequences. 
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TABLE 17 

Percentage mortality and mean weight of Manduca sexta 
larvae after a certain period of feeding on tobacco leaves 
from plants transformed with pGSllSl. Complete results 
from the 2 independent Experiments I and II (Tables 15 and 
16) are compiled. Kanamycin resistance levels of the 
plants expressing the Bt:NPT2 fusion protein are also 
given (ug/ml Km on which good callus growth still occurs) . 

Mean Weight Surviving 
R % Mortality Larvae fog/larva) 

Plant Km Exp* I Exp, II Exp. I 

No. (ug/ml Km) (after 168 h) (after 118 h) (after 168 h) 

(or 120 h*) 



N21-3 


200 


15 


N.T. 




34.0 










5 


200 


30 


N.T. 


52.4 


11 


500 


100 


100 




12 


500 


40 


N.T. 


16.6 


16 


200 


45 


N.T. 


25.3 


17 


500 


75 


N.T, 


13.4 


18 


500 


85 


95 


9.0 


23 


500 


90 


100* 


12.5 


29 


200 


55 


N.T. 


21.9 


32 


200 


50 


N.T. 


27.4 


33 


500 


40 


N.T. 


27.7 


35 


500 


85 


90 


18.7 


40 


200 


20 


N.T. 


28.6 


41 


200 


15 


N.T. 


29.1 


42 


200 


55 


N.T. 


18.7 


43 


500 


75 


90 


15.5 
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TABUB 17 (cont'd) 



Mean Weight Surviving 

p % Mortality Larvae (rag/larva) 

Plant Kn Exp. I Exp. II Exp. I 

No. (ug/ml Rn) (after 168 h) (after 118 h) (after 168 h) 

(or 120 h*) 

45 200 30 N.T. 13*7 

50 500 75 100 10.7 

53 500 90 100* 12.5 

56 200 20 75 22,4 



Controls: 

N21-102 — N.T* 0* N.T. 

104 — N.T. 0* N.T. 

107 — 15 5* 44.1 



N.T. = Not Tested 
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TOjgg 18 

Frequency of Nopaline Positive Plants in the 
Generation Derived from Transformed Tobacco Plants 



Plant No. 


Age of the 


Tbtal 


Nopal ine 




of Parental 


Seedlings 


Number of 


Positive 


Nopal ine 


TO A- 

Plant 


Tested (wks) 


Fxants 




rositives 






Tested 






147-8 


3 


74 


56 


76% 




/ 






DDIS 


10-1 


3 


25 


20 


80% 




7 


9 


7 


78% 


161-9 


3 


66 


18 « 


27% 




7 


107 


61 


76% 


174 


6 


45 


43 


95% 



1X1 Nqpaline Signal Very Vfeak. 
Claims 

1. A Bt2 DNA comprising the DNA sequence of Fig. 13 from nucleotide position 141 to a nucleotide position 
encoding a trypsin cleavage site between nucleotide positions 1938 and 1 961 

2. The Bt2 DNA of claim 1 comprising the DNA sequence of Fig. 13 from nucleotide position 141 to a nuc- 
leotide position between nucleotide positions 1961 and 2308. 

3. The Bt2 DNA of claim 2 or 3 comprising the DNA sequence of Fig. 1 3 from nucleotide position 141 to nuc- 
leotide position 3 605. 

4. A Bt2 protein or an insecticidaily active, truncated Bt2 protein encoded by the Bt2 DNA of anyone of claims 
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1-3. 

5. A Bt2 protein or an insecticidally active, truncated Bt2 protein having an amino acid sequence of Fig. 13 
between the nucleotide positions of Fig. 13 of the Bt2 DNA of anyone of claims 1-3. 

6. A hybrid plasmid vector system for transforming a plant cell genome comprising a Ti plasmid and the Bt2 
DNA of claim 1 or 2, optionally integrated into the Ti plasmid. 

7. The hybrid plasmid vector of claim 6 harbored in Agrobacterium, preferably A. tumefariens . 

8. A bacterial, e.g., E. coU, plasmid expression vector containing the Bt2 DNA of anyone of claims 1-3. 

9. A bacteria other than Bacillus thuringiensis, e.g., E. coli, harboring the vector of claim 8. 

10. A method for combatting Lepidoptera comprising applying to the Lepidoptera the Bt2 protein or truncated 
Bt2 protein of claim 4 or 5. 
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FI6.UA. 



SEQUENCE COMPARISON OF FOUR BACILLUS THURINGtENSIS TOXINS 

tO 20 \30 40 30 

MDNNPNINEC IPYNCLSNPE VEVLGGERIE T6YTPIDISL SLTQFLLSEF 



BO 70 BO SO 100 

VPGAGFVLGL VDIIWGIFGP SOWOAFLVOI EOLt NOR I EE FARN QAISRL 



ItO 120 130 140 130 

EGLSNLYOIY AESFREWEAD PYNPALREEM RIOFNDMNSA LTTAIPLFAV 



160 170 ISO 190 ZOO 

ONYOVPLLSV YVOAANLMLS VLROVSVFGO RWGFDAATIN SRYNDLTRLI 



210. 

GNYTDHAVRW 
Y 
Y 
Y 

260 

OSRTYPIRTV 
R 
R 
R 

310 

NSITIYTDAH 
V 

R V 

360 

VAOLGQGVYR 

SLT L IF 
SLY L IF 
408 

AVYRKSGTVO 



220 

YUTGLERVW6 



270 

SOLTREIYTN 



320 

RGEYYWSGHO 
Y 

FN 
FN 

369 
TLSSTLYRR- 

P I 
P I 
418 

SLDEIPPQNN 
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FIG.16. 

Bam HI Sac I 00/ IT pHDKO 

i , _ ' , * 

\gATCCC G TAACTT r AT6 r ~'SAT'. . . 
flam //X «f 0/2 
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STRATEGY USED FOR THE POSITIO- 
NIN6 OF THE TOXIM BENE BEHIND 
THE X-« FROMOTOR. 



pBTBOO 



NpoT /BalSI / BamHT- link/ 
BamHlJflfligathit 



FI6.17. 



PstI 



PLASMID 
pLK54 

pLKST 




pLBfO 



ADAPTOR 



(PvuW 




ADAPTOR 

jygjnQ0CGGG6/nTCGTCGACCT(&A$CCAA§^^ 

EcoRf'Smal "BamHT $oE MI HktdUT Xbel 
AArT<XC$GSA^SCrCSATATr^ATGCSGTACCTCTAGAAQ 

EeoRI Smt 'Sael EcoRV SphT Kpnt 
AAGCTT6GGATCCGTV6A0CTGCAGATCT6CTA6A6STCGA 

Hind I U BamHT Self Pstl Bglll 
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FtG.18. 

Construction of pLBKtnZS 




Xhot 
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FIG.19. 

Construction of random 8t2' NPTII fusions and Bt2deletions 



P L8Km25 
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2. Production (WesterntM) 
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Characterize ON A Sequencing- 
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- NPTII- Assay (stability) 
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1. Trypsin digest Bt2 

2. plB 950 

3. pLB83fe 

4. pLBB79 



5. p IB 88k 

6. pLB328 
1 pLBB86 

8 NF1 control 
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FIG.22. 



Delineation of the toxic fragment using C-terminal deletions 



putative trypsin 
cleavage site 



PLBB34 

601 



Aopos: 
Bp: 



Tyr IfeAspArg 



PLB8T9 



Jle Gig PhcVal Pro Ala £ to Vol Thr fiho 
MTATAO^ATCXAATTBAATTTBTTCWGCAGAAGTAACCTfT 

IBOO 1810 1820 1830 
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FIG.23. 



lacUYSyB qmHf'Hinttm. 



Construction ofBt: NPTll Cassettes 
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ptKm9t PH0159 
V^BaqjpI*^ 
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B * ,a I Asp72B/Nenow pol/BglU 

t.pBa23'3 ***** J"** 

\ BQIJI/NCOI X 
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SmHl/Socl\ / BglU/NCa 

Bam M/ScCl 
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2. pHD 100 
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5' ends of ta§ 8t2gem 



Purpose 



pLBKm 13 GGAT'CCC ' GAT... 

*4 BIB 

pLBKm23 CGATCCCGTGGTATCTTAATTAAAAGAGATG 

gaggtaagtt'atg'ga T ... 

t BtS 

pLBKm33 GGATCCC GTAACTT'aTG'GAX.. 

BonHL ♦/ Bt2 



fiision at initiator 
ATS 

Expression in £ co/i 



fusion to plant 
promotot 
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FIG.2U. 



pLBKmlS 



Sac I HQOJ Of I *9M 

* I nptu \ — fan 
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< *t 6t2 
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FIG. 25 
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MPT 3 MPT I£ intact 
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FIG.27. 

Adaption of Bt2 and Bt'NPTlI easstttas for expression in plant cells* 
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FIG. 28. 

Promotor - Bt g*n* function s»qu*ne*s 

1) pHDJOSO, pHOtOBO, pGStttO* Pnos - Bt 
CArAAAnccccrtxinitnocMJTMU^^ 

BomHI BtZ 

2) pHD10T6> Pssu pea - Bt 

Hlndm BomHl BtZ 

3) pHDJOSO Tp - Bt fusion 
TAAAAACAnATATATAlZAAGrrrrAGCAGAAGCr^ 

SH'- • . 'ASA'GTA'MB 'TGC'ATG'GAT'OOC'GAT'AAC'AAr 
TP BomHI *4 Bt2 

4) pGSItSt, pGSf/52, pGStt53. pGSt161, pSSttSB. pGSff63> PTTtpBt 

ATACACCAMffn^G AT'OCX'GAT 

Clot BomHI *4 BtZ 

5) pGSttn, pGSftBf' Pssu 3Qi - Bt 

AAiXMAArrcncrAaaffim 'gat'ccc'gat' 

NcoZ *4Bt2 

Bt PGS1251, pGS1252, pGSIZBI, DGS1262' P35SI - Bt 

^AAf^V^AGtCr^GATCOCGrAAClT^^^^ 
BomHI Bt2 
pos 22 from RNA start sit* 

7) pGStZrt, p6S128t= P35S2 - Bt 

BomHI BtB 
pos 36 from RNA start sit* 
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FIG.29. 
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FIG.30. 

T L -ONA Tr-ON A 




A BamHI 
pGV/44 
H EcoRI 
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FIG.33A. 




expression Victors 



HmdHI 



BomHI 



oLGV2382 'H$rrera-Estrelta 1 ol, (l983)EMB0J<2,98r 



FI6.33B. 




Expression Vectors 
BomHI 



derived from pGV83l (DeBIaoro efal, 1985) » _ 

* P Pnos- bp BomHI-BcIt fragment of pLGV23 

3*003' roe bp PVUtt fragment of get in HpaJ site of pGV83l 
A'T-DNA Border 
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FIG.33C, 




Expression Victor* 

BatnNI 
HmdM 



derived from pOV83l (DeBlaere at al> 1995) 

Pssu* ~ 820 bp Bglll - Hindtll fragment of tit* 

pea svu gene (Herrera-Estrella of at, 1984) 
Bam HI. Hindtll' tinker of pue 8 ...... 

3'oes' 706 bp pwtt fragment of oca tn ftpol sfto 

of pGV83l 
4 < TDNA border 



ecofiJ 



FIG33D. *o*i 



expression Vectors 



Hi/sfOt 




P3su>~ 970 bp EcoRl-HlndUl fragment of 

th§ ptO $311 06frW 

Tp* sequence comprising transit peptide of 

the pea ssa gene (Van Den Brooke mi at, 1985 
Nature, 313, 35 8) 
foes' 70S bp PVUtt fragment ofes!, 
Km Tn 903* bacterial Km*-qsna 
vector' pBR 322 
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FIG.33E. 

Expression vector pGV874* 




Bgl X ~ PwX 

-Pnos fragment is the Bell- Bam HI fragment from pLGV2282 
(Herrera-Estrelta eta I., EM BO JL t Z,987, f963f. 
- m 3'no$ m fragment is the 687 bp TaQt-Himtm fragments 
from the net gene. (De Picker et 61., JMM, 1, 561, 19821 
-"Sm-Sp Is the 23 Kb H fad m /Bam HI fragment from R702. 
-The remaining of the vector is p8R322. 
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FIG3U. 



Detection of Bt 2 protein in engineered colli 




I 2 3 
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FIG.35. 
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txxrrnmi for PREPARA fiOM OF PLANT EXTRACTS 
-SO g callus material 

-Homogenize at 0* C In 100 ml of the following buffer 
Na 2 C0 3 pHtO lOOmM 
PMFS 0.17 mg/ ml 
EDTA SOmM 
OTT 10 mM 



FIG37A 



-sonicate 2*3 mtn at 400 Watt on ice 
-centrifuge 13,000 rpm ; 30 mtn 

pellet X supernatant I 



- Supernatant I 

-Acid precipitation * bring pH domn slowly to 43 by adding 

dropwlse 1 M HCt 
-Jhcubete for 30 min at OTC 
-Centrifuge 10,000 rpm, 30min 
-Wash on Ice with cold distilled HgO 

-Resuspend pellet In small volume of butter' Na 2 C0 3 pHtO 
OTT 5 mM PMFS 0.19 mg/ml 

- Incubate for 1 hat O m C, while regularly resuspendlng 

- Centrifuge (In Eppendorf) 

supernatant^fractton X 



-Pellet X_ 

-Resuspend in 100 ml of the following buffer (TO* 

NagCOy pH tO lOOmM 

OTT 10 mM 

PMFS 0.17 tug/at 

EDTA SO mM 

f% Triton *100 
-Sonicate 2*3 mlnat 400 Watt on ice 
-Centrifuge 13,000 rpm 30 mtn 

pellet JX supernatant K 
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FIG.37B. 



Supernatant XT' 

-Acid precipitation* bring pH down slowly to 43 by adding drop-Is* 

lit HCt 

-Incubate tor 30 mln at 0% 

-Centrifuge 10,000 rpm, SO mln 

-Wash one* with cold distilled #feO 

-Resuspend pellet in small volume of butter* Na^COy 

pH W 50 mM DTT 5 mM PMFS Ol7mg/mt 
-incubate for I hat O'C, while regularly resuspendlng 
-Centrifuge (In Eppendorf) 

supernatant* traction B 



-Resuspend In 25 ml extraction buffer containing* 
2% SOS 

No 2 CO 3 pHtO lOOmht 
DTT W mM 

and agitate for t3 min 



-Centrifuge 13,000 rpm, 30 mln 

-Supernatant acetone precipitation* 

ml* with 9 volumes of acetone 1/40 vol I MHCI 
-Incubate overnight at "20*C 
-Centrifuge 13,000 rpm, 20 min 
-Resuspend pellet in small volume of buffer 
containing ( 2% SOS 



{ OTT 10mM 
and boll for 10 min 
-Centrifuge sup' fraction M 
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. FIG39. 
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FIGM 
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FIO.U2. NcoI-BomHt'SacnApar-JOol-Hmdm-Bgilt 
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